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(57) Abstract: There are provided 
novel compounds of formula (I) 
wherein A, R\ R 3 , R 4 , R 5 , T, U, V, 
W, X and Y are as defined in the 
specification, and pharmaceuticaJly 
acceptable salts thereof; together 
with processes for their preparation, 
compositions containing them and 
their use in therapy. The compounds 
are inhibitors of nitric oxide synthase 
and are thereby particularly useful 
in the treatment or prophylaxis of 
inflammatory diseases, pain and CNS 
diseases. 
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NOVEL COMPOUNDS 
Field of the Invention 

The present invention relates to novel phenylalkylamine derivatives, processes for their 
preparation, compositions containing them and their use in therapy. 



Background of the Invention 

Nitric oxide is produced in mammalian cells from L-arginine by the action of specific 
nitric oxide synthases (NOSs). These enzymes fall into two distinct classes - constitutive 
NOS (cNOS) and inducible NOS (iNOS). At the present time, two constitutive NOSs and 
one inducible NOS have been identified. Of the constitutive NOSs, an endothelial enzyme 
(eNOS) is involved with smooth muscle relaxation and the regulation of blood pressure 
and blood flow, whereas the neuronal enzyme (nNOS) appears to be involved in the 
regulation of various biological functions. Inducible NOS has been particularly implicated 
is in the pathogenesis of inflammatory diseases. Regulation of these enzymes should 

therefore offer considerable potential in the treatment of a wide variety of disease states (J. 
E. Macdonald, Ann. Rep. Med. Chem., 1996, 31, 221 - 230). 

Considerable effort has been expended in efforts to identify compounds that act as specific 
20 inhibitors of one or more isoforms of the enzyme nitric oxide synthase. The use of such 
compounds in therapy has also been widely claimed. 

2-(2-Nitrophenoxy)benzenemethanamine, 




25 is disclosed in Polish J. Chem., 1982, 56, 1 139-1 144 as an intermediate in the synthesis of 
N,N'-disubstituted derivatives of dibenzo-[b.h]-tetrahydro-!,4,6-oxadiazonine. 
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>2/ 



N- 



-Y — Z — R 



s that are regulators of nitric oxide synthase. 
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WO 97/17325 discloses compounds of general formula 

if — ) R 3 ,R 4 ,R 5 ,R 6 

R1.R2 ti^Y 

These compounds are serotonin re-uptake inhibitors useful in the treatment of depression. 
Disclosure of the invention 

According to the present invention, there is provided a compound of formula (I) 



15 



wherein: 




(I) 



NR 4 R 5 



A represents a phenyl ring or A represents a C8 to 10 aromatic or partially aromatic 
bicyclic ring system; 



20 
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R 1 represents CI to 6 alkyl, CI to 6 alkoxy, halogen, hydroxy, cyano, trifluoromethyl or 
NR 6 R 7 ; 

R 3 represents hydrogen, CI to 6 alkyl, C2 to 6 alkenyl, C3 to 6 cycloalkyl, CI to 6 
s alkylthio, CI to 6 alkoxy, halogen, hydroxy, cyano, trifluoromethyl or NR 8 R 9 ; said alkoxy 
group being optionally further substituted by hydroxy or by one or more fluorine atoms. 

3 

or R represents phenyl or a five or six membered aromatic heterocyclic ring containing 1 
to 3 heteroatoms independently selected from O, S and N; said phenyl or aromatic 
io heterocyclic ring being optionally substituted by one or more substituents selected 

independently from halogen, CI to 4 alkyl, CI to 4 alkoxy, hydroxy, cyano or NR 8 R 9 ; said 
alkyl or alkoxy group being optionally further substituted by one or more fluorine atoms; 

4 5 

R and R independently represent hydrogen or CI to 6 alkyl; said alkyl group being 
is optionally substituted by OH, C 1 to 6 alkoxy, NR 1 V 1 or phenyl; said phenyl group being 

optionally further substituted by CI to 6 alkyl, CI to 6 alkoxy, halogen, hydroxy, cyano or 
13 

NR R ; 

R , R , R , R , R 10 , R 1 R 12 and R 13 independently represent hydrogen or CI to 6 alkyl; 
20 said alkyl group being optionally substituted by OH or CI to 6 alkoxy; 

4 5 6 7 8 9 

or the groups NR R , NR R and NR R independently represent a 4 to 7 membered 

saturated azacyclic ring optionally incorporating one further heteroatom selected from O or 
N; said ring being optionally substituted by OH, CI to 3 hydroxyalkyl or CI to 3 alkoxy; 

25 

V represents cyano or nitro; 
X represents O or S(0)„; 
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n represents an integer 0, 1 or 2; 
Y represents C 1 to 6 alkyl; 

5 

2 

Either one of T, U and W represents N and the other two independently represent CR ; or 

2 2 

each of T, U and W represents CR ; and each R group independently represents hydrogen, 
CI to 3 alkyl, CI to 3 alkoxy or halogen; 

10 or a pharmaceutical^ acceptable salt thereof; 

with the proviso that when A represents phenyl, V represents nitro, Y represents CH2, X 

2 4 5 

represents S, each of T, U and W represents CR and the group Y— NR R is bonded to the 

4 5 

phenyl ring ortho to X, then R and R do not both represent CH 3 . 

15 

The compounds of formula I may exist in enantiomeric forms. Therefore, all enantiomers, 
diastereomers, racemates and mixtures thereof are included within the scope of the invention. 

The compounds of formula (I) and their pharmaceutical^ acceptable salts have the advantage 
20 that they are inhibitors of the enzyme nitric oxide synthase (NOS). In general, the compounds 
of formula (I) and their pharmaceutical^ acceptable salts have the advantage that they are 
inhibitors of the inducible isoform of the enzyme nitric oxide synthase (iNOS). Certain 
compounds of formula (I) and their pharmaceutical^ acceptable salts have the advantage that 
they are additionally or alternatively inhibitors of the neuronal isoform of the enzyme nitric 
25 oxide synthase (nNOS). In general, compounds of formula (I) and their pharmaceutical^ 

acceptable salts have the advantage that they show good selectivity for the inhibition of iNOS 
and/or nNOS in comparison to the inhibition of the endothelial isoform, eNOS. 

The invention further provides a process for the preparation of compounds of formula (I) 
30 or a pharmaceutical^ acceptable salt, enantiomer or racemate thereof. 
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According to the invention there is also provided a compound of formula (I), or a 
pharmaceutical^ acceptable salt thereof, for use as a medicament. 

5 Another aspect of the invention provides the use of a compound of formula (I) or a 
pharmaceutical^ acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of diseases or conditions in which inhibition of nitric oxide 
synthase activity is beneficial. 

10 Another aspect of the invention provides the use of a compound of formula (I) or a 
pharmaceutical^ acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of diseases or conditions in which inhibition of iNOS activity is 
beneficial. 

15 Another aspect of the invention provides the use of a compound of formula (I) or a 
pharmaceutical^ acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of diseases or conditions in which inhibition of nNOS activity is 
beneficial. 

20 Another aspect of the invention provides the use of a compound of formula (I) or a 
pharmaceutical^ acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of inflammatory disease. 

Another aspect of the invention provides the use of a compound of formula (I) or a 
25 pharmaceutical^ acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of CNS disease. 

According to the invention, there is also provided a method of treating, or reducing the risk 
of, diseases or conditions in which inhibition of nitric oxide synthase activity is beneficial 
30 which comprises administering to a person suffering from or at risk of, said disease or 
condition, a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutical^ acceptable salt thereof. 
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There is also provided a method of treating, or reducing the risk of, inflammatory disease 
in a person suffering from or at risk of, said disease, wherein the method comprises 
administering to the person a therapeutically effective amount of a compound of formula 
5 (1) or a pharmaceutically acceptable salt thereof 

There is also provided a method of treating, or reducing the risk of, CNS disease in a 
person suffering from or at risk of, said disease, wherein the method comprises 
administering to the person a therapeutically effective amount of a compound of formula 
10 (1) or a pharmaceutically acceptable salt thereof. 

The compounds of the present invention may also be used advantageously in combination 
with a second pharmaceutically active substance; particularly in combination with a 
cyclooxygenase inhibitor; more particularly in combination with a selective inhibitor of the 

is inducible isoform of cyclooxygenase (COX-2). Thus, in a further aspect of the invention 
there is provided the use of a compound of formula (I) or a pharmaceutically acceptable 
salt thereof, in combination with a COX-2 inhibitor in the manufacture of a medicament 
for the treatment of inflammation, inflammatory disease and inflammatory related 
disorders. And there is also provided a method of treating, or reducing the risk of, 

20 inflammation, inflammatory disease and inflammatory related disorders in a person 
suffering from or at risk of, said disease or condition, wherein the method comprises 
administering to the person a therapeutically effective amount of a compound of formula 
(I) or a pharmaceutically acceptable salt thereof in combination with a COX-2 inhibitor. 

25 In one embodiment, X in formula (I) represents oxygen. 

In another embodiment, X in formula (I) represents S(0) n and n represents 0. 
In one embodiment, V in formula (I) represents cyano. 

30 

In one embodiment, A in formula (I) represents phenyl. 
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In one embodiment, R in formula (I) represents hydrogen, CI to 6 alkoxy, hydroxy, or 
optionally substituted phenyl. 

4 5 

In one embodiment, R and R in formula (I) independently represent hydrogen or methyl. 

5 

In one embodiment, Y in formula (I) represents CH2. 

In one embodiment, T, U and W in formula (I) each independently represent CH or CF. 

10 In another embodiment, T represents N and U and W each independently represent CH or 
CF. 

In another embodiment, W represents N and T and U each independently represent CH or 
CF. 

In one embodiment, A represents phenyl, R 1 represents CI to 6 alkyl, CI to 6 alkoxy, 

6 7 

halogen, hydroxy, cyano, trifluoromethyl or NR R ; X represents oxygen or S(0) n and n 
represents 0; V represents cyano; R 3 represents hydrogen, CI to 6 alkoxy, hydroxy, or 
optionally substituted phenyl; R and R independently represent hydrogen or methyl; Y 
20 represents CH 2 ; and T, U and W in formula (I) each independently represent CH or CF; or 
T represents N and U and W each independently represent CH or CF; or W represents N 
and T and U each independently represent CH or CF. 

In one embodiment, A represents a phenyl ring; R 3 represents hydrogen, CI to 6 alkyl, C3 

25 to 6 cycloalkyl, CI to 6 alkylthio, CI to 6 alkoxy, halogen, hydroxy, cyano, trifluoromethyl 
8 9 3 

or NR R ; or R represents phenyl or a five or six membered aromatic heterocyclic ring 
containing 1 to 3 heteroatoms independently selected from O, S and N; said phenyl or 
aromatic heterocyclic ring being optionally substituted by one or more substituents selected 
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independently from halogen, CI to 4 alkyl, CI to 4 alkoxy, hydroxy, cyario of NR R ; said 

alkyl or alkoxy group being optionally further substituted by one or more fluorine atoms; 
4 5 

R and R independently represent hydrogen or CI to 6 alkyl; said alkyl group being 

optionally substituted by OH, CI to 6 alkoxy or phenyl; said phenyl group being optionally 

12 13 

5 further substituted by CI to 6 alkyl, CI to 6 alkoxy, halogen, hydroxy, cyano or NR R ; 
and all other groups are as defined in formula (I) above. 

Particular compounds of the invention include: 
3-(5- methoxy-2-nitrophenoxy)benzenemethanamine; 
10 3-(5-methyl-2-nitrophenoxy)benzenemethanamine; 
3-(5-chloro-2-nitrophenoxy)benzenemethanamine; 
3-(5-fluoro-2-nitrophenoxy)benzenemethanamine; 
3-(5-methylamino-2-nitrophenoxy)benzenemethanamine; 

3- (5-methyl-2-nitrophenylthio)benzenemethanamine; 
is 2-[3-(aminomethyl)phenoxy]-4-chlorobenzonitrile; 

4- chloro-2-[3-hydroxy-5-[(methylamino)methyl]phenoxy]benzonitrile; 
4-chloro-2-[3-methoxy-5-[(methylamino)methyl]phenoxy]benzonitrile; 
4-chloro-2-(3-methylaminomethyl-phenoxy)-benzonitrile; 
4-chloro-2-(4-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile; 

20 4-chloro-2-(2-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile; 

4-chloro-2-(2-methoxy-4-methylaminomethyl-phenoxy)-benzonitrile; 

4-chloro-2-(3-methoxy-4-methylaminomethyl-phenoxy)-benzonitrile; 

2-(4-bromo-3-methylaminomethyl-phenoxy)-4-trifluoromethyl-benzonitrile; 

2-(2-methylaminomethyl-biphenyl-4-yloxy)-4-trifluoromethyl-benzonitrile; 
25 4-chloro-2-[2-hydroxy-3-(methylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-[2-ethoxy-3-(methylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-[2-(2-fluoroethoxy)-3-(methylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-[3-methylaminomethyl-2-(2,2,2-trifluoroethoxy)phenoxy]-benzonitrile; 

4-chloro-2-(3-methylamindmethyl-2-propoxyphenoxy)benzonitrile; 
30 4-chloro-2-[2-(2-hydroxyethoxy)-3-(methylaminomethyl)phenoxy]-benzonitrile; 

4-chloro-2-[2-ethoxy-4-(methylaminomethyl)phenoxy]benzonitrile; 
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4-ch]oro-2-[4-(methylaminomethyl)naphthalen- 1 -yloxyjbenzonitrile; 
4-chloro-2-[3-(dimethylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-{3-[(2-(hydroxyethyI)amino)methyl]phenoxy}benzonitrile; 
4-chloro-2-{34(2<nethoxyethylamm^ 

5 4-chloro-2-[3-(propylaminomethyl)phenoxy]benzonitrile; 
4-chloro-2-{3-[(2-dimethyIaminoe^ 

4-chloro-2-{3-[(3-hydroxypropylamino)rnethyl]phenoxy}benzonitrile; 
4-ch]oro-2-[3-(pyrroIidin- 1 -ylmethyl)phenoxy]benzonitrile; 

4-chloro-5-fluoro-2-(2-methoxyO-methylaminomethylphenoxy)benzonitri]e 
io 4-bromo-2-(2-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile^ 

2- (2-methoxy-3-methylaminomethyl-phenoxy)-6-trifluoromethyl-m 
4-methqxy-2-(2-methoxy-3-methy^ 

3- fluoro-2-(2-methoxy-3-(methylaniin^^ 

2-(2-methoxy^-methylaminomethyl-phenoxy)-6-methyl-nicotinonitri 
is 6-ethyl-2-(2-methoxy-3-methyIaminomethyl-phenoxy)-nicotinonitrile; 

4- methyl-2-(3-methylaminomethyl-phenoxy>benzonitrile; 
6-methyl-2-(3-methylaminomethyl-phenoxy)-nicotinonitrile; 
4-chloro-2-(5-methylamino-5A7,8-^^ 

4-chloro-2-( 1 -methylaminoindan-4-yloxy)benzonitrile; 
20 [2-methoxy-3-(5-methyl-2-nitrophenoxy)benzyl]methylamine; 

4-ehloro-2"(3-dimethylaminomethyl-2-ethyIphenoxy)benzonitrile; 

2-(3-aminomethyl-2-ethyl-phenoxy)-4-chloro-benzonitrile; 

4-chloro-2-(2-ethyl-3-methylaminomethyl-phenoxy)-benzonitriIe; 

4-chloro-2-(3-dimethylaminomethyl-2-propylphenoxy)-benzonitrile; 
25 2-(3-aminomethyl-2-propyl-phenoxy)-4-ch]oro-benzonitrile; 

4-chloro-2-(3-methylaminomethyl-2-propyI-phenoxy)-benzonitri]e; 

2-(2-aIlyl-4-methylaminomethyl-phenoxy)-4>chlorobenzonitrile; 

4-chloro-2-(3-dimethylaminomethyl-4-fluorophenoxy)benzonitrile; 
4-chIoro-2-(4-fluoro-3-methylan^^ 
30 2-(2-methoxyO-methylaminomethyI^ 

2-(4-methy!aminomethylO-phenyl-phenoxy)-4-trifluoromethyl-benzoiu 
4-chloro-2-(3-dimethyIaminome^ 
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4-chlorOr2-(3raminomethyl-2-methysulfanyl-phenoxy)-ben2onit^ 

4n:h]oro-2-(2-methylsulfanyl-3-methylam 

4-chloro-2-(3-dimethylaminomethyl-2-eth^ 

4-chloro-2-(3-aminomethyl-2-ethylsulfanyl-phenoxy)-ben2oriitrile; 

4-chloro-2-(2-ethysulfanyl-3-methylaminomethyK^^ 

and pharmaceutically acceptable salts thereof. 

Unless otherwise indicated, the term "CI to 6 alkyl" referred to herein denotes a straight or 
branched chain alkyl group having from 1 to 6 carbon atoms. Examples of such groups 
include methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl and t-butyl. 

The terms "CI to 3 alkyl" and "CI to 4 alkyl" are to be interpreted analogously. 

Unless otherwise indicated, the term "CI to 6 alkoxy" referred to herein denotes a straight 
or branched chain alkoxy group having from 1 to 6 carbon atoms. Examples of such groups 
include methoxy, ethoxy, n-propoxy, i-propoxy and t-butoxy. 

The terms "CI to 3 alkoxy", "CI to 4 alkoxy" and "CI to 6 alkylthio" are to be interpreted 
analogously. 

Unless otherwise indicated, the term "CI to 3 hydroxyalkyl" referred to herein denotes a 
straight or branched chain alkyl group having from 1 to 3 carbon atoms substituted by OH. 
Examples of such groups include hydroxymethyl, 1 -hydroxy ethyl, 2-hydroxyethyl and 2- 
hydroxy-2-methylethyl. 

Unless otherwise indicated, the term "C2 to 6 alkenyl" referred to herein denotes a straight 
or branched chain alkyl group having from 2 to 6 carbon atoms and including a carbon- 
carbon double bond. Examples of such groups include ethenyl, 1-propenyl, 2-propenyl and 
butenyl. 
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Unless otherwise indicated, the term f, C3 to 6 cycloalkyl" referred to herein denotes a 
carbocyclic ring having from 3 to 6 carbon atoms. Examples of such groups include 
cyclopropyl, cyclopentyl and cyclohexyL 

5 Halogen represents fluoro, chloro, bromo or iodo. 

Examples of a C8 to 10 aromatic or partially aromatic bicyclic ring system include indanyl, 
naphthyl and tetrahydronaphthyl. 

10 Examples of a five or six membered aromatic heterocyclic ring containing 1 to 3 

heteroatoms independently selected from O, S and N include furan, thiophene, pyrrole, 
thiazole, oxazole, imidazole, pyridine, pyrimidine and pyrazine. 

Examples of a 4 to 7 membered saturated azacyclic ring optionally incorporating one 
is further heteroatom selected from O or N include pyrrolidine, piperidine, piperazine, 
morpholine and perhydroazepine. 

According to the invention, we further provide a process for the preparation of compounds 
of formula (I), or a pharmaceutically acceptable salt, enantiomer or racemate thereof which 
20 comprises: 

(a) reaction of a compound of formula (II) 



R 1 




25 wherein A, R 1 , R 3 , T, U, V, W, X and Y are as defined in formula (I) and L* is a leaving 
group, 
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with a compound of formula (III) 

HNR 4 R5 (III) 

4 5 

wherein R and R are as defined in formula (I); or 

5 

(b) reductive amination of a compound of formula (IV) 




10 wherein A, R , R , T, U, V, W and X are as defined in formula (I) and Y -CH2 represents 
Y as defined in formula (I), 

with a compound of formula (III) 

HNR 4 R 5 (III) 

4 5 

15 wherein R andR are as defined in formula (I); or 
(c) reaction of a compound of formula (V) 



R1 




V 



20 wherein R ,T, U,V and W are as defined in formula (I) and L is a leaving group, 
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with a compound of formula (VI) 
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R 3 



(VI) 



NR 4 R 5 



3 4 5" 

5 wherein A, R , R , R and Y are as defined in formula (I) and X is O or S; or 



(d) reaction of a compound of formula (VII) 

Ri 



T 
II 
U 




(VII) 



XH 



V 



io wherein R , T, U, V and W are as defined in formula (I) and X represents O or S, 
with a compound of formula (VIII) 



C7< 



R 3 



15 



Y NR 4 R 5 



(VIII) 



.3 4 S 



wherein A, R", R", R J and Y are as defined in formula (I) and L 3 is a leaving group; or 



ISOOCID: < WO_03029 1 8SA 1 _!_> 



WO 03/029185 



PCT/SE02/01803 



14 



(e) preparing a compound of formula (I) wherein R and R each represent hydrogen, by 
reduction of a compound of formula (IX) 




wherein A, R , R , T, U, V, W and X are as defined in formula (I) and the group (-Y - 
CH2-) represents Y as defined in formula (I); 

and where desired or necessary converting the resultant compound of formula (I), or another 
10 salt thereof, into a pharmaceutical^ acceptable salt thereof; or converting one compound of 
formula (I) into another compound of formula (I); and where desired converting the resultant 
compound of formula (I) into an optical isomer thereof. 

In process (a), the reaction is performed by treating an amine of formula (III) with an 
15 electrophile of formula (II) in an inert solvent. Suitable leaving groups L* include 
sulfonate, trifluorosulfonate, mesylate, tosylate, and halides selected from the group 
chloride, bromide or iodide. The reaction is generally performed in the presence of a base. 
This base can be either an excess of the amine nucleophile or can be an additive to the 
reaction mixture. Potential basic additives are metal carbonates, especially alkali metal 
20 carbonates such as caesium carbonate, metal oxides and hydroxides, and tertiary amine 
bases. Suitable organic solvents are those such as acetonitrile, dioxane, 
N,N-dimethylformamide, N-methyl-2-pyrrolidinone, tetrahydrofuran, dimethylsulfoxide, 
sulfolane and CI to 4 alcohols. 
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In process (b), the reductive animation reaction generally takes place under conditions 
which will be known to persons skilled in the art. For example, treatment of an aldehyde 
(IV) with an amine (III) in the presence of a reducing agent in an inert solvent. Suitable 
reducing systems include catalytic hydrogenation or borane and derivatives thereof. A 
s partial list of such reagents can be found in "Advanced Organic Chemistry", J. March 
( 1 985) 3 rd Edition on page 799. 

In processes (c) and (d), the reaction will take place either using an appropriate palladium 
source such as palladium (II) acetate in the presence of a suitable phosphine ligand, or 
io using a copper salt under Ullmann coupling conditions. Suitable conditions for such 
coupling reactions are referred to in the article by Buchwald et al, J. Amer. Chem. Soc, 
1999,121,4369-4378. 

Alternatively, in process (c), the reaction will take place under conditions similar to those 
is described above for process (a). 

In process (e), the reduction of the cyano group will take place under conditions that will 
be generally well known to the man skilled in the art. These include the use of diborane or 
of Raney nickel in the presence of hydrogen and a base such as ammonia, as the reducing 
20 agent. 

It will be apparent to a person skilled in the art that in the above processes it may be 
desirable to protect an amine Or other potentially reactive group. Suitable protecting groups 
and details of processes for adding and removing such groups may be found by reference to 
25 the standard text "Protective Groups in Organic Synthesis", 3rd Edition (1 999) by Greene and 
Wuts. 

In one particular embodiment, amine groups are protected as carbamate derivatives, for 
example, as t-butyloxycarbamates. 

30 
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The present invention includes compounds of formula (I) in the form of salts, in particular 
acid addition salts. Suitable salts include those formed with both organic and inorganic 
acids. Such acid addition salts will normally be pharmaceutically acceptable although salts 
of non-pharmaceutically acceptable acids may be of utility in the preparation and 
5 purification of the compound in question. Thus, preferred salts include those formed from 
hydrochloric, hydrobromic, sulphuric, phosphoric, citric, tartaric, lactic, pyruvic, acetic, 
succinic, fiimaric, maleic, methanesulphonic and benzenesulphonic acids. 

Salts of compounds of formula (I) may be formed by reacting the free base, or a salt, 
10 enantiomer or racemate thereof, with one or more equivalents of the appropriate acid. The 
reaction may be carried out in a solvent or medium in which the salt is insoluble or in a 
solvent in which the salt is soluble, for example, water, dioxane, ethanol, tetrahydrofuran or 
diethyl ether, or a mixture of solvents, which may be removed in vacuo or by freeze drying. 
The reaction may also be a metathetical process or it may be carried out on an ion exchange 
is resin. 

Certain novel intermediates of formulae (II), (IV) and (IX) form another aspect of the 
invention. 

20 In general, compounds of formulae (II), (IV) and (IX) may be prepared using similar types of 
reactions to those described above for the preparation of compounds of formula (I). 

Compounds of formula (I) wherein X represents S(0) n and n is 1 or 2 may be prepared by 

oxidation of a corresponding compound of formula (I) wherein n is 0. The reaction is 
25 performed by reacting a compound of formula (I) wherein X is S with a suitable oxidising 
agent in an inert solvent. The reaction can be controlled so as to afford either the 
corresponding sulfoxide (X = SO) or sulfone (X = SO2) by correct choice of the oxidising 
reagent used, the quantity of reagent used and the reaction conditions employed. Suitable 
oxidising reagents and reaction conditions are given in "Advanced Organic Chemistry", J. 
30 March (1985) 3 rd Edition on pages 1089-1090. 
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Compounds of formulae (III), (V), (VI), (VII) and (VIII) are either known or may be 
prepared by conventional methods known perse. 

Intermediate compounds may be used in protected form. Protecting groups and details of 
processes for their removal may be found by reference to the standard text "Protective Groups 
in Organic Synthesis", 3rd Edition (1999) by Greene and Wuts. 

The compounds of the invention and intermediates thereto may be isolated from their reaction 
mixtures and, if necessary further purified, by using standard techniques. 

The compounds of formula I may exist in enantiomeric forms. Therefore, all enantiomers, 
diastereomers, racemates and mixtures thereof are included within the scope of the invention. 
The various optical isomers may be isolated by separation of a racemic mixture of the 
compounds using conventional techniques, for example, fractional crystallisation, or HPLC. 

Intermediate compounds may also exist in enantiomeric forms and may be used as purified 
enantiomers, diastereomers, racemates or mixtures. 

The compounds of formula (I), and their pharmaceutically acceptable salts, are useful because 
they possess pharmacological activity in animals. In particular, the compounds are active as 
inhibitors of the enzyme nitric oxide synthase. More particularly, they are inhibitors of the 
inducible.isoform'of the enzyme nitric oxide synthase and as such are predicted to be useful in 
therapy, for example, as anti-inflammatory agents. Alternatively or additionally, they may 
have utility as inhibitors of the neuronal isoform of the enzyme nitric oxide synthase and as 
25 such are predicted to have utility in the treatment of CNS disorders. 

The compounds and their pharmaceutically acceptable salts are indicated for use in the 
treatment or prophylaxis of diseases or conditions in which synthesis or oversynthesis of nitric 
oxide forms a contributory part. In one aspect, the compounds are indicated for use in the 
treatment of inflammatory conditions in mammals including man. In another aspect, the 
compounds are indicated for use in the treatment of CNS disorders in mammals including 



15 



20 



30 



man. 
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As used herein, reference to any of the terms "disease", "condition" and "disorder" is to bie 
taken as a reference to all three terms: 

5 Diseases, conditions and disorders that may be specifically mentioned are: 

osteoarthritis, rheumatoid arthritis, rheumatoid spondylitis, gouty arthritis and other arthritic 
conditions, inflamed joints; 

eczema, psoriasis, dermatitis or other inflammatory skin conditions such as sunburn; 
inflammatory eye conditions including uveitis, glaucoma and conjunctivitis; 
jo lung disorders in which inflammation is involved, for example, asthma, bronchitis, chronic 
obstructive pulmonary disease, pigeon fancier's disease, farmer's lung, acute respiratory 
distress syndrome; 

bacteraemia, endotoxaemia (septic shock), aphthous ulcers, gingivitis, pyresis, pain, 

meningitis and pancreatitis; 
is conditions of the gastrointestinal tract including inflammatory bowel disease, Crohn's disease, 

atrophic gastritis, gastritis varialoforme, ulcerative colitis, coeliac disease, regional ileitis, 

peptic ulceration, irritable bowel syndrome, reflux oesophagitis, damage to the . 

gastrointestinal tract resulting from infections by, for example, Helicobacter pylori, or from 

treatments with non-steroidal anti-inflammatory drugs; 
20 and other conditions associated with inflammation. 

The compounds may also be useful in the treatment of cancer. 

The compounds may also be useful in the treatment and alleviation of acute pain or persistent 
25 inflammatory pain or neuropathic pain or pain of a central origin. 

We are particularly interested in the conditions inflammatory bowel disease, rheumatoid 
arthritis, osteoarthritis, chronic obstructive pulmonary disease, pain and cancer. 

30 The compounds of formula (I) and their pharmaceutical^ acceptable salts may also be useful 
in the treatment or prophylaxis of diseases or conditions in addition to those mentioned above. 
For example, the compounds may be useful in the treatment of atherosclerosis, cystic fibrosis, 
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hypotension associated with septic and/or toxic shock, in the treatment of dysfunction of the 
immune system, as an adjuvant to short-term immunosuppression in organ transplant therapy, 
in the control of onset of diabetes, in the maintenance of pancreatic function in diabetes, in the 
treatment of vascular complications associated with diabetes and in co-therapy with 
cytokines, for example TNF or interleukins. 

The compounds of formula (I) may also be useful in the treatment of hypoxia, for example in 
cases of cardiac arrest and stroke, neurodegenerative disorders including nerve degeneration 
and/or nerve necrosis in disorders such as ischaemia, hypoxia, hypoglycemia, epilepsy, and 
in external wounds (such as spinal cord and head injury), hyperbaric oxygen convulsions and 
toxicity, dementia, for example pre-senile dementia, Alzheimer's disease and AIDS-related 
dementia, Sydenham's chorea, Parkinson's disease, Tourette's Syndrome, Huntington's dis- 
ease, Amyotrophic Lateral Sclerosis, Multiple Sclerosis, muscular dystrophy, Korsakoff s 
disease, imbecility relating to a cerebral vessel disorder, sleeping disorders, schizophrenia, 
depression, pain, autism, seasonal affective disorder, jet-lag, depression or other symptoms 
associated with Premenstrual Syndrome (PMS), anxiety and septic shock. Compounds of 
formula (I) may also be expected to show activity in the prevention and reversal of drug 
addiction or tolerance such as tolerance to opiates and diazepines, treatment of drug addiction, 
treatment of migraine and other vascular headaches, neurogenic inflammation, in the 
treatment of gastrointestinal motility disorders and in the induction of labour. 



I'S 



We are particularly interested in the conditions stroke, Alzheimer's disease, Parkinson 1 ! 
disease, multiple sclerosis, schizophrenia, migraine, septic shock and pain; more particularly 
migraine. 



Prophylaxis is expected to be particularly relevant to the treatment of persons who have 
suffered a previous episode of, or are otherwise considered to be at increased risk of, the 
disease or condition in question. Persons at risk of developing a particular disease or 
condition generally include those having a family history of the disease or condition, or 
those who have been identified by genetic testing or screening to be particularly 
susceptible to developing the disease or condition. 
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For the above mentioned therapeutic indications, the dosage administered will, of course, vary 
with the compound employed, the mode of administration and the treatment desired. 
However, in general, satisfactory results are obtained when the compounds are administered 
at a dosage of the solid form of between 1 mg and 2000 mg per day. 

The compounds of formula (I), and pharmaceutically acceptable derivatives thereof, may be 
used on their own, or in the form of appropriate pharmaceutical compositions in which the 
compound or derivative is in admixture with a pharmaceutically acceptable adjuvant, diluent 
or carrier. Administration may be by, but is not limited to, enteral (including oral, 
sublingual or rectal), intranasal, inhalationintravenous, topical or other parenteral routes. 
Conventional procedures for the selection and preparation of suitable pharmaceutical 
formulations are described in, for example, "Pharmaceuticals - The Science of Dosage 
Form Designs", M. E. Aulton, Churchill Livingstone, 1988. The pharmaceutical 
composition preferably comprises less than 80% and more preferably less than 50% of a 
compound of formula (I), or a pharmaceutically acceptable salt thereof. 

The invention further provides a pharmaceutical composition comprising a compound of 
formula (I), or a pharmaceutically acceptable salt thereof, in admixture with a 
pharmaceutically acceptable adjuvant, diluent or carrier. There is also provided a process for 
20 the preparation of such a pharmaceutical composition which comprises mixing the 
ingredients. 

The compounds of formula (I), and pharmaceutically acceptable derivatives thereof, may also 
be advantageously used in combination with a COX inhibitor, more particularly in 
25 combination with a COX-2 inhibitor. Particularly preferred COX-2 inhibitors are Celecoxib 
and MK-966. The NOS inhibitor and the COX-2 inhibitor may either be formulated together 
within the same pharmaceutical composition for administration in a single dosage unit, or 
each component may be individually formulated such that separate dosages may be 
administered either simultaneously or sequentially. 

30 

The invention is illustrated, but in no way limited, by the following examples: 
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The following abbreviations are used: 
CDI l,l'-carbonyldiimidazole; 
DMF N,N-dimethylformamide; 
DMSO dimethylsulphoxide; 
s THF tetrahydrofuran. 

Unless otherwise stated, chromatography was carried out on silica gel columns using 
gradients of ethyl acetate in hexanes as eluent. 



10 
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Preparation 1 



r(3-Hvdroxvphenvnm ethvncarbamic acid tert-butvl ester 

3-(Aminomethyl)phenol hydrobromide (4.2 g, 20.6 mmol) was dissolved in ethyl alcohol 
(80 ml) and triethylamine (3.5 ml, 25 mmol) was added followed by di-tert-butyl 
is dicarbonate (4.8 g, 22 mmol) and the reaction mixture stirred for 4 h. The solvent was 
removed by evaporation, water added and the mixture extracted with ethyl acetate and 
dried over magnesium sulphate. The solvent was evaporated and the residue purified by 
flash chromatography using 50% ethyl acetate/isohexane as eluent to give the title 
compound as a colourless solid (3.8 g, 83%). 



MS (+CI) 124 [M -100 +H] + . 



Example 1 



25 3-(5-M emoxv-2-nitrophenoxv)benzenemethanam ine hydrochloric 

(2-Fluoro-4-methoxy)nitrobenzene (0.342 g), [(3-hydroxyphenyl)methyl]carbamic acid 
tert-butyl ester (0.45 g) and anhydrous potassium carbonate (0.28 g) were heated with 
stirring in dry DMF (1 5 ml) at 80 °C for 20 h. The reaction mixture was cooled, 
partitioned between ethyl acetate and water, the organic layer separated, washed five times 

>o with water, then brine and dried (MgS0 4 ). The solvent was evaporated and the residue 
eluted down a Biotage column using isohexane/ether (4: 1) as eluent to give a viscous oil 
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(the tert-butyl ester of the product). This material was stirred with 4M hydrogen chloride 
in dioxarie (15 ml) for 2 h, concentrated to dryness and the residue triturated with ether to 
give after collection by filtration and drying, a cream solid (0.5 g, 80%). 

5 MS (+CI) 275 [M+H] + . 

300MHz *H NMR (d 6 -DMSO) 8.37 (1H, br.s), 8.17 (1H, d), 7.46 (1H, t), 7.30 (1H, d), 

7.23 (1H, d), 7.08 (1H, d of d), 6.98 (1H, d of d), 6.63 (1H, d), 4.03 (2H, br.d), 3.83 (3H, 
s). 

io Example 2 

3-(5-Methyl-2-nitrophenoxy)benzenemethanamine hydrochloride 

The title compound was prepared as a yellow solid using the method of Example 1 and 

starting with 3-fluoro-4-nitrotoluene. 

15 

MS (+CI) 259 [M+H] + . 

300MHz *H NMR (d 6 -DMSO) 8.42 (3H, br.s), 8.02 (1H, d), 7.46 (1H, t), 7.31 (1H, d), 
7.22 (2H, m), 7.05 (1H, d of d), 7.0 (1H, d), 4.03 (2H, d), 2.36 (3H, s). 

20 Example 3 

3'(5-Chloro-2-nitrophenoxv)benzenemethanamine hydrochloride 

The title compound was prepared as a yellow solid using the method of Example 1 and 

starting from 2,4-dichloronitrobenzene. 

25 

MS (+CI) 279 [M+H] + . 

400MHz *H NMR (d 6 -DMSO) 8.34 (2H, br.s), 8.17 (1H, d), 7.55-7.49 (2H, m), 7.37 (1H, 
d), 7.30 (1H, s), 7.20-7.1 1 (2H, m), 4.05 (2H, s). 

30 • Example 4 
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3-(5-Fluoro- 2-nitrophenoxy)benzenemethanamihe hydrochloride 

The title compound was prepared as a yellow solid using the method of Example 1 and 

starting from 2,4-difluoronitrobenzene. 

s 

MS (+CI) 263 [M+H] + . 

300MHz 'h NMR (d 6 -DMSO) 8.36 (2H, br.s), 8.24 (1H, dd), 7.45 (1H, t), 7.38 (1H, d), 
7.36-7.24 (2H, m), 7.20 (1H, dd), 7.02 (1H, dd), 4.05 (2H, d). 

10 Example 5 

3-(5-Methvlamino-2-nitroph enoxv)benzenemethanamine hydrochloride 
3-(5-Fluoro-2-nitrophenoxy)benzenemethanamine tert-butyl ester (prepared by the method 
of Example 4 but omitting the final treatment with hydrogen chloride) (92 mg) was stirred 
is with methylamine (2M in THF, 2.5 ml) for 1 6 h at room temperature. Purification by flash 
column chromatography eluting with 25% ethyl acetate/hexane gave the tert-butyl ester of 
the title compound which was dissolved in 4N hydrogen chloride in dioxane and stirred for 
16 h. The resulting yellow solid was filtered off to give the product. 

20 MS (+CI) 274 [M+H] + 

300MHz l H NMR (d 6 -DMSO) 8.26 (2H, br.s), 8.03 (1H, d), 7.42 (1H> t), 7.22 (1H, d), 
7.14 (1H, s), 6.99 (1H, dd), 6.49 (1H, dd), 6.13 (1H, d), 4.02 (2H, q), 2,72 (3H, s). 

Example 6 

25 

3-(5-Methoxv-2-nitrophenvlth io)benzenemethanamine hydrochloride 
l) 3-r(5-Methoxy-2-nitrophenvl'>thio1benzoic acid 

(2-Fluoro-4-methoxy)nitrobenzene (0.86 g, 5 mmol), 3-mercaptobenzoic acid (0.77 g, 
30 5 mmol) and anhydrous potassium carbonate ( 1 .3 8 g, 1 0 mmol) in dry DMF (25 ml) were 
heated at 80 °C with stirring for 3 h. The reaction mixture was concentrated to low 
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volume, diluted with water (1 00 nil), washed with ethyl acetate, thb aqueous layer was 
acidified and the precipitated product collected by filtration and dried to give a yellow 
solid (1.16 g). 

MS (-CI) 304 [M-H] . 

5 . 

b) 3-r(5-Methoxv-»2-nitrophenyl)thio1benzamide 

3-[(5-Methoxy-2-nitrophenyl)thio]benzoic acid (0.89 g, 2.88 mmol) in dichloromethane 
(30 ml) was treated with oxalyl chloride (0.51 ml, 5.8 mmol) followed by dry 
DMF (2 drops) and stirred for 20 h. The solvent and excess reagent were removed by 
io evaporation, the residual solid dissolved in dry dioxane (50 ml), cooled in ice and saturated 
with ammonia gas. The ammonium chloride was filtered off and the filtrate evaporated. 
The residual solid was triturated with ether to give a pale yellow solid (0.72 g). 

MS(+CI)305 [M+1] + . 

15 

c) 3-(5-MethoxV"2-nitrophenylthio > )ben2enemethanamine hydrochloride 
3-[(5-Methoxy-2-nitrophenyl)thio]ben2;amide (0.6 g, 1 .97 mmol) in THF (25 ml) was 
treated with 1M borane in THF (10 ml, 9.86 mmol) at 0 °C with stirring. The clear solution 
was heated under reflux with stirring for 24 h under nitrogen. The reaction mixture was 
cooled, treated with 5N hydrochloric acid (20 ml) and stirred for 1 h. The mixture was 
cooled to 0 °C, basified with solid potassium hydroxide and extracted with ethyl acetate. 

The extracts were washed with brine and dried (MgSC>4). The solvent was evaporated and 

the residue eluted down a silica column using 5% methanol/dichloromethane as eluent to 
give a yellow solid (0.414 g, 72%). 

MS (+CI) 291 [M+H] + . 

300MHz *H NMR (d 6 -DMSO) 8.30 (1H, d), 7.63 (1H, d), 7.45-7.56 (3H, m), 6.95 (1H, d 
of d), 6.16 (1H, d), 3.77 (2H, s), 3.66 (3H, s), 1.98 (2H, br.s). 

30 Example 7 
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2-r3-(Amin6metlivnp henoxv1-4-chlorobenzonitrile hydrochloride 

3) — 4-Ch loro-2-(3-aminomethvI-2-Dhenoxv)benzoic acid hydrochloric 
2,4-Dichlorobenzoic acid (191 rag) and 1 , 1 -dimethylethyl 
s [(3-hydroxyphenyl)methyl]carbamate (249 mg) were dissolved in methanol (15 ml) and 
treated with 25% sodium methoxide in methanol (0.26 ml). The reaction mixture was 
evaporated to dryness, treated with dry dioxan (10 ml) followed by copper (1) chloride 
( 1 0 mg) and tris[2-(2-methoxyethoxy)ethyl]amine (TDA-1, 0.032 ml) and heated under 
reflux with stirring for 8 h.The reaction was left to stand over the weekend, concentrated to 

io dryness, dissolved in water, and washed with ethyl acetate. The aqueous layer was 

acidified with dilute hydrochloric acid and extracted into ethyl acetate which was dried 
(MgS0 4 ). The solvent was evaporated and the residual viscous oil was stirred with 4M 
hydrogen chloride in dioxan (10 ml) for lh. The precipitated solid was collected by 
filtration, washed with ether and dried to give the sub-title compound (95 mg) as a 

is colourless solid. 

'HNMR 300MHz(d 6 -DMSO) 13.1 (1H, br.s), 8.37 (3H, br.s), 7.89 (1H, d), 7.44 (1H, t), 
7.36 (1H, dd), 7.28 (1H, d), 7.19 (1H, d), 7.00 (2H, m), 4.02 (2H, d). 
MS APCI +ve m /z 278 ([M+H]*). 



30 



b) 2-r3-(Aminomethvnphenoxv1- 4-chlorohen7onitrile hydrochloride 
The product from step (a) (542 mg) in acetonitrile (20 ml) was treated with CDI (235 mg) 
and stirred for 2 h. The solution was cooled in ice, saturated with ammonia gas and stirred 
for 1 h. The reaction mixture was diluted with dichloromethane, washed with water, 
aqueous sodium bicarbonate solution, then brine and dried (MgS0 4 ). The solvent was 
evaporated to give 1 , 1 -dimethylethyl {[3-[2-(aminocarbonyl)-5- 
chlorophenoxy]phenyl]methyl} carbamate (490 mg) as a gum. 

The above amide (490 mg) and triethylamine (0.37 ml) in dichloromethane (10 ml) was 
treated dropwise with trichloroacetyl chloride (0. 16 ml) in dichloromethane (10 ml) with 
stirring at 0-5 °C. After 0.5 h, more trichloroacetyl chloride (0.8 ml) was added and stirring 
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continued for 0.25 h. The reaction mixture was washed with aqueous sodium bicarbonate 
solution, dilute hydrochloric acid, water, then brine, and dried (MgSC^). The solvent was 
evaporated and the residue was purified by chromatography (silica gel, dichloromethane as 
eluent) to give 1,1 -dimethyl ethyl { [3 -(5-cMoro-2-cyanophenoxy)phenyl]methyl} carbamate 
5 (240 mg) as a colourless solid. 

MS APCI+ve m /z 259/26 1 ([M+H] + - Boc). 

The above cyano compound (240 mg) was stirred with 4M hydrogen chloride in dioxan 
10 (10 ml) for 1 h and the product which had precipitated was collected by filtration, washed 
with ether and dried to give the title compound (1 22 mg) as a colourless solid. 

MS APCI +ve m /z 259 ([M+H] + ). 

*H NMR 300MHz (d 6 -DMSO) 8.41 (3H, br.s), 8.0 (1H, d), 7.55 (1H, t), 7.43 (2H, dd), 
is 7.36 (1H, m), 7.25 (1H, dd), 6.99 (1H, d), 4.07 (2H, br s). 

. Example 8 

4- Chloro-2-r3-hydroxV"5-r(methvlamino)methvnphenoxv1benzonitrile 

20 

a) 4-Chloro-2-r3-hydroxv-5-(hvdroxvmethvl > )phenoxv1benzonitrile 

To a stirred solution of cesium carbonate (1 1 .62 g) in dry DMF (70 ml) was added 

5- (hydroxymethyl)-l,3-benzenediol (5 g) followed by 4-chloro-2-fluorobenzonitrile (5 g). 
The mixture was then stirred and heated at 120 °C for 3h. The cooled mixture was then 

25 poured into water (200 ml) and made acidic by the addition of 2M aqueous hydrochloric 
acid. The products were extracted into ethyl acetate (3 x 150 ml), and the combined 
extracts were washed with 10% aqueous potassium carbonate solution (100 ml). The 

organic extract was collected, dried (MgSC>4) and concentrated to dryness. Diethyl ether 

was added to the residue and the mixture filtered. The filtrate was concentrated to dryness 
30 and the residue purified by chromatography (silica, 70% diethyl ether/isohexane) to afford, 
after trituration with diethyl ether, the sub-title compound (800 mg). 
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300MHz ! H NMR (d 6 -DMSO) 9.80 (1H, s), 7.95 (1H, d), 7.38 (1H, dd), 6.98 (1H, d), 6.7 
(1H, s), 6.52 (1H, s), 6.4 (1H, t), 5.22 (1H, t), 4.43 (2H, d). 

s ^ 4-Chloro-2-r3-hvdroxv-5-r fmethvlamino^methvn P hennxv1benzonitrilp 

The product from step (a) (0.5 g) was treated with thionyl chloride (20 ml) and the mixture 
stirred at room temperature for 1 .5 h. The excess reagent was removed under reduced 
pressure and the residual oil dissolved in methanol (20 ml). The solution was treated with 
excess methylamine and stirred at room temperature for 1 h. The solvent was removed 
io under reduced pressure and the purified by chromatography (silica, 1 0% 7M ammonia in 
methanol/dichloromethane) to afford the title compound ( 1 95 mg) as a colourless solid. 

MS (+CI) 289 [M+H] + . 

300MHz 'h NMR (dg-DMSO) 7.94 (1H, d), 7.38 (1H, dd), 6.97 (1H, d), 6.67 (1H, m), 
is 6.55 (lH,s), 6.4 (lH,t), 3.56 (2H,s), 2.23 (3H, s). 

Example 9 

4-Chloro-2-f3-methoxv-5-r(methvlamin o')methvnnhenoxv1benzonitrile oxalate 
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— 4-Chloro-2-(3-fonnvl- 5-hvdroxvph enoxv'>henznnitrilft 
Sodium hydride (502 mg, 60% in mineral oil) was added portionwise to 4-chIoro-2- 
fluorobenzonitrile (2.04 g) and 3,5-dihydroxybenzaldehyde (1 .8 1 g) in DMF and the 
solution heated to 80 °C for 16 h. The cooled solution was diluted with water, acidified 
with concentrated hydrochloric acid, extracted twice with ethyl acetate, the extracts dried 
over sodium sulphate and evaporated. Purification by chromatography gave the sub-title 
compound as a white solid (0.83 g). 

300MHz J H NMR (CDC1 3 ) 9.92 (1H, s), 7.63 (1H, d), 7.23-7.22 (2H, m), 7.13 (1H, m), 
6.94 (1H, s), 6.88 (1H, t), 5.52 (1H, br.s). 

b) 4-Chloro-2-f3-for mvl-5-methoxvphenoxy)benzonitnle 
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4-Chloror2-(3-formyl-5-hydroxyphenoxy)benzonit^ (0.20 g, 0.75 mmol) in DMF (5 ml) 
was treated with sodium hydride (60% in mineral oil, 30 mg, 0.78 mmol) followed after 10 
min by methyl iodide (0.1 ml). After 1 6 h, a further amount of sodium hydride (8 mg) and 
methyl iodide (0.1 ml) were added. After 3 h, the mixture was diluted with water, extracted 
5 with ethyl acetate, the extracts washed with water, dried over sodium sulphate and 
evaporated to give the sub-title compound as a pale yellow solid (213 mg). 

300MHz ! H NMR (CDC1 3 ) 9.95 (1H, s), 7.63 (1H, d), 7.31-7.26 (1H, m), 7.22-7.15 (2H, 
m), 6.93-6.91 (2H, m), 3.90 (3H, s). 

10 

c) 4-Chloro-2-r3-methoxy-5-r(methvlamino)methvllphenoxvlbenzonitrile oxalate 
4-Chloro-2-(3-formyl-5-methoxyphenoxy)benzonitrile (210 mg) was stirred in 40% 
aqueous methylamine (2 ml) and methanol (2 ml) for 16 h. The solution was evaporated, 
azeotroping with toluene. The residue was dissolved in ethanol and sodium borohydride 
15 (39 mg) added portionwise and stirred for 2 h. The mixture was diluted with water, 

extracted twice with ethyl acetate, the combined extracts dried over sodium sulphate and 
evaporated. Oxalic acid (58 mg) in ethanol was added and the title compound (1 87 mg) 
was collected by filtration as a white solid. 

20 MS (+CI) 303 [M+H] + . 

400MHz ! H NMR (d 6 -DMSO) 7.99 (1H, d), 7.45 (1H, d), 7.43 (1H, d), 7.07 (1H, d), 7.01 
(1H, br.s), 6.91 (1H, t), 6.85 (1H, br.s), 4.09 (2H, s), 3.81 (3H, s), 2.55 (3H,s). 

Example 10 

25 

4-Chloro-2-(3-methvlaminomethvl-phenoxvVbenzonitrile fumarate 
a) 4-Chloro-2-(3-formyl-phen6xvVbenzonitrile 

4-Chloro-2-fluorobenzonitrile (1.00 g, 6.43 mmol), 3-hydroxybenzaldehyde (0.79 g, 
30 6.43 mmol) and cesium carbonate (2.09 g, 6.43 mmol) were heated with stirring in dry 
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DMF (5 ml) at 50 °C for 23 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with water (3x), 
10% aqueous sodium carbonate (2x), water, brine, and dried over MgS0 4 . After filtration, 

the solvent was removed in vacuo to yield 4-chloro-2-(3-formyl-phenoxy)-benzonitrile 
s ( 1 .52 g, 9 1 %) as a yellow oil which solidified. 

'H NMR (300MHz, CDC1 3 ) 10.02 (1H, s), 7.78 (1H, d), 7.67-7.56 (3H, m), 7.40 (1H, dd), 
7.20 (IH.dd), 6.87 (lH,d). 

10 b) 4-Chloro-2-(3-met hvlaminomethvl-DhenoxvVbenzonitrile fumarate 

4-Chloro-2-(3-formyl-phenoxy)-benzonitrile (0.52 g, 2.02 mmol), methylamine (2M in 
methanol, 1.0 ml, 2.0 mmol) and sodium cyanoborohydride (0.14 g, 2.2 mmol) were stirred 
at ambient temperature in a 1% acetic acid/methanol solution (30 ml) for 18 h. The solvent 
was removed in vacuo. The residue was treated with 1 0% aqueous sodium carbonate and 
extracted with ethyl acetate. The ethyl acetate layer was separated and washed with water, 
brine and dried over MgS0 4 . After filtration, fumaric acid (0.23 g, 2.0 mmol) was added to 
the filtrate and the solvent removed in vacuo. The residue was triturated with ethyl acetate 
overnight, filtered and dried to give 4-chloro-2-(3-methylaminomethyl-phenoxy)- 
benzonitrile fumarate (454 mg, 58%) as a white solid. 



is 



20 



MS (APCI+) 273/275 [M+l] + . 

'H NMR (300MHz, oVDMSO) 7.97 (1H, d), 7.52 (1H, t), 7.41 (1H, dd), 7.37 (1H, br d), 
7.31 (1H, br s), 7.22 (1H, dd), 6.99 (1H, d), 6.47 (2H, s), 4.01 (2H, s), 2.45 (3H, s). 

25 Example 1 1 

4-Chloro-2-(4-methoxv-3-methvlamin o methvl-phenoxvVben7.nnitrile fumarate 

a) 5-Hvdroxv -2-methoxvbenzaldehvde 

30 Concentrated sulfuric acid ( 1 1 0 ml) was added to 2,5-dimethoxybenzaldehyde (20. 1 7 g, 
0. 1 2 1 mol) with cooling in an ice water bath. The resulting red suspension was stirred at 
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50 °C for 46 h The reaction contents were poured over ice and extracted with diethyl 
ether. The ether layer was extracted with IN sodium hydroxide (200 ml). The basic extract 
was acidified by addition of 3N hydrochloric acid and extracted with diethyl ether (2x). 

The ether extracts were combined and dried over MgSO^ After filtration, the solvent was 

5 removed in vacuo to give 5-hydroxy-2-methoxybenzaldehyde (5.85 g, 32%) as an orange 
solid. 

MS (APCI+) 153 [M+l] + . 

! H NMR (300MHz, CDC1 3 ) 10.40 (1H, s), 7.37 (1H, d), 7.13 (1H, dd), 6.91 (1H, d), 5.88 
10 (IH, brs), 3.89 (3H, s). 

b) 4>Chloro-2~(3-formvl-4-methoxy-phenoxv > )'benzonitrile 

4-Chloro-2-fluorobenzonitrile (0.60 g, 3.9 mmol), 5-hydroxy-2-methoxybenzaldehyde 
(0.59 g, 3.9 mmol) and cesium carbonate (1 .26 g, 3.9 mmol) were heated with stirring in 
15 dry DMF (4 ml) at 50 °C for 1 7 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with water, 

10% aqueous sodium carbonate (2x), water (2x), brine and dried over MgSC>4. After 

filtration, the solvent was removed in vacuo to yield 4-chloro-2-(3-formyl-4-methoxy- 
phenoxy)-benzonitrile (1.01 g, 90%) as a yellow solid. 

20 

*H NMR (300MHz, d 6 -DMSO) 10.33 (1H, s), 7.96 (1H, d), 7.61 (1H, dd), 7.47 (IH, d), 
7.39 (1H, br s), 7.36 (IH, br s), 6.94 (1H, d), 3.97 (3H, s). 

c) 4-Chloro-2-( 4-methoxv«3-methvlaminomethvl"phenoxv)'benzonitrile fumarate 

25 4-Chloro-2-(3-formyl-4-methoxy-phenoxy)-benzonitrile (1 .00 g, 3.48 mmol), methylamine 
(2M in methanol, 5.2 ml, 10.4 mmol) and sodium cyanoborohydride (0.24 g, 3.8 rnmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (75 ml) for 18 h. 
The solvent was removed in vacuo. The residue was treated with 10% aqueous sodium 
carbonate and extracted with .ethyl acetate. The ethyl acetate layer was separated and 

30 washed with water, brine and dried over MgSC>4. After filtration, fumaric acid (0.40 g, 3.4 

mmol) was added to the filtrate and the solvent removed in vacuo. The residue was 
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triturated with ethyl acetate overnight, filtered and dried to give 4-chloro-2-(3- 
methylaminomethyl-phenoxy)-benzonitrile fumarate (892 mg, 61%) as a white solid. 

MS (APCI+) 303/305 [M+ 1 ] + . 
5 "H NMR (300MHz, d 6 -DMSO) 7.94 (1H, d), 7.37-7.23 (3H, m), 7.15 (1H, d), 6.82 (1H, br 
s), 6.46 (2H, s), 3.94 (2H, s), 3.86 (3H, s), 2.45 (3H, s). 

Example 12 

10 ^-Chloro^-methoxv-S-methvlaminomethvl - phenoxvVhen^onitrilefumamte 
§) 3-Hvdroxv -2-methoxv-benzaldehy de 

2,3-Dihydroxybenzaldehyde (1 .00 g, 7.24 mmol), potassium carbonate (1 .00 g, 7.24 mmol) 
and iodomethane (0.59 ml, 1 .34 g, 9.4 mmol) in dry DMF ( 1 0 ml) were stirred at ambient 
temperature for 19 h. . The reaction mixture was cooled, poured into water and extracted 
with ethyl acetate. The ethyl acetate layer was extracted with IN aqueous sodium 
hydroxide (3x). The basic extracts were combined and acidified by addition of 3N 
hydrochloric acid, then extracted with ethyl acetate. The ethyl acetate layer was washed 
with water (4x), brine and dried over MgS0 4 . After filtration, the solvent was removed in 
vacuo to yield 3-hydroxy-2-methoxy-benzaldehyde (0.68 g, 62%) as a yellowish-tan solid. 

MS(APCI+)153[M+1] + . 

'H NMR (300MHz, CDCI 3 ) 10.27 (1H, s), 7.37 (1H, dd), 7.26-7.21 (1H, m), 7.15 (1H, d), 
5.80 (lH, s), 3.97 (3H,s). 

b) 4-Chloro-2-i3-form vl-2-methoxy- P henoxvVhenzonitrile 

4-Chloro-2-fluorobenzonitrile (0.65 g, 4.2 mmol), 3-hydroxy-2-methoxybenzaldehyde 
(0.64 g, 4.2 mmol) and cesium carbonate (1 .37 g, 4.2 mmol) were heated with stirring in 
dry DMF (4 ml) at 50 °C for 1 8 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with water (2x), 
10% aqueous sodium carbonate (2x), water and brine and dried over MgSQ 4 . After 
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filtration, the solvent was removed in vacuo to yield 4-chloro-2-(3-formyl-4-methoxy- 
phenoxy)-benz6nitrile (1 .09 g, 90%) as a yellow-orange solid. 

'H NMR (300MHz, CDC1 3 ) 10.41 (1H, s), 7.80 (1H, dd), 7.62 (1H, d), 7.40 (1H, dd), 7.30 
s (1H, d), 7.15 (1H, dd), 6.69 (1H, d), 4.01 (3H, s). 

c) 4-Chloro-2-(2-methoxv-3-methvlarninomethyl-phenoxvVbenzonitrile fiimarate 
4-Chloro-2-(3-formyl-2-methoxy-phenoxy)-benzonitrile (0.52 g, 1.8 mmol), methylamine 
(2M in methanol, 2.7 ml, 5.4 mmol) and sodium cyanoborohydride (0.13 g, 2.1 mmol) 

10 were stirred at ambient temperature in a 1% acetic acid/methanol solution (70 ml) for 20 h. 
The solvent was removed in vacuo. The residue was treated with 10% aqueous sodium 
carbonate and extracted with ethyl acetate. Fumaric acid (0.21 g, 1.8 mmol) was added to 
the separated ethyl acetate layer and the solvent removed in vacuo. The residue was 
triturated with ethyl acetate overnight, filtered and dried to give 4-chloro-2-(2-methoxy-3- 

is methylaminomethyl-phenoxy)-benzonitrile fumarate (583 mg, 77%) as a white solid. 

MS (APCI+) 303/305 [M+ 1 ] + . 

*H NMR (300MHz, d 6 -DMSO) 7.97 (1H, d), 7.45 (1H, dd), 7.36 (1H, dd), 7.27-7.23 (2H, 
m), 6.78 (1H, d), 6.49 (2H, s), 3.95 (2H, s), 3.79 (3H, s), 2.45 (3H, s). 

20 

Example 13 

4-Chloro-2-(2-methoxv-4-methylaminomethvl-phenoxvVbenzonitrile fumarate 

25 a> 4-Chloro-2-(4-formvl-2-methoxv-phenoxy)-benzonitrile 

4-Chloro-2-fluorobenzonitrile (0.60 g, 3.9 mmol), vanillin (0.59 g, 3.9 mmol) and cesium 
carbonate (1.26 g, 3.9 mmol) were heated with stirring in dry DMF (4 ml) at 50 °C for 22 
h. The reaction mixture was cooled, poured into water and extracted with ethyl acetate. 
The ethyl acetate layer was separated, washed with water, 10% aqueous sodium carbonate 

30 (2x), water (2x), brine, and dried over MgSC>4. After filtration, the solvent was removed in 

vacuo to yield 4-chloro-2-(4-formyl-2-methoxy-phenoxy)-benzonitrile (0.98 g, 88%) as an 
off-white solid. 
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H NMR (300MHz, CDC1 3 ) 9.99 (1H, s), 7.61-7.51 (3H, m), 7.27 (1H, d), 7.14 (1H, dd), 
6.70 (1H, d),3.88 (3H, s). 

b) 4-Chloro-2-(2-methoxv-4-met hvlaminomethvl-DhenoxvVbenzonitrilefumarate 
4-Chloro-2-(4-formyl-2-methoxy-phenoxy)-benzonitrile (0.98 g, 3.4 mmol), methylamine 
(2M in methanol, 5.1 ml, 10.2 mmol) and sodium cyanoborohydride (0.24 g, 3.8 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (125 ml) for 20 
h. The solvent was removed in vacuo. The residue was treated with 10% aqueous sodium 
carbonate and extracted with ethyl acetate. Fumaric acid (0.41 g, 3.5 mmol) was added to 
the separated ethyl acetate layer and the solvent removed in vacuo. The residue was 
triturated with ethyl acetate overnight, filtered and dried to give 4-chloro-2-(2-methoxy-4- 
methyIaminomethyl-phenoxy)-benzonitrile fumarate (1 .14 g, 80%) as a white solid. 

MS (APCI+) 303/305 [M+l] + . 

'H NMR (300MHz, d 6 -DMSO) 7.92 (1H, d), 7.37 (1H, br s), 7.31 (1H, dd), 7.26 (1H, d), 
7.09 (1H, d), 6.62 (1H, d), 6.49 (2H, s), 3.94 (2H, s), 3.76 (3H, s), 2.45 (3H, s). 

Example 14 

4-Chloro -2-(3-methoxv-4-methvlaminomethvl-phenoxy)-benzonitrile fumarate 
a) 4-Chloro-2-r4-for mvl-3-methoxv-Dhenoxv')-benzonitri1e 

4-Chloro-2-fluorobenzonitrile (0.60 g, 3.9 mmol), 4-hydroxy-2-methoxybenzaldehyde 
(0.59 g, 3.9 mmol) and cesium carbonate (1 .26 g, 3.9 mmol) were heated with stirring in 
dry DMF (4 ml) at 50 °C for 21 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with water, 
10% aqueous sodium carbonate (2x), water (2x), brine, and dried over magnesium 
sulphate. After filtration, the solvent was removed in vacuo to yield 4-chloro-2-(4-formyl- 
30 3-methoxy-phenoxy)-benzonitrile (0.93 g, 83%) as an orange solid. 
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'H NMR (300MHz, CDC1 3 ) 10.40 (1H, s), 7.89 (1H, d), 7.64 (1H, d), 7.24 (1H, dd), 7.02 
(lH,d),6.74(lH,d),6 63(lH,dd), 3.93 (3H, s): 

b) 4-ChlorQ-2~(3-methoxv~4-methvlaminomethvl-phenQxy)-benzonitrile fumarate 
5 4-Ghloro-2-(4-formyl-3-methoxy-phenoxy)-benzonitrile (0.93 g, 3.2 mmol), methylamine 
(2M in methanol, 4.8 ml, 9.6 mmol) and sodium cyanoborohydride (0.22 g, 3.6 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (125 ml) for 20 
h. The solvent was removed in vacuo. The residue was treated with 10% aqueous sodium 
carbonate and extracted with ethyl acetate. Fumaric acid (0.40 g, 3.4 mmol) was added to 
io the separated ethyl acetate layer and the solvent removed in vacuo. The residue was 

triturated with ethyl acetate overnight, filtered and dried to give 4-chloro-2-(2-methoxy-4- 
methylaminomethyl-phenoxy)-benzonitrile fumarate (782 mg, 58%) as a white solid, 

MS (APCI+) 303/305 [M+l] + . 
15 'H NMR (300MHz, d 6 -DMSO) 7.96 (1H, d), 7.46 (1H, d), 7.39 (1H, dd), 6.99-6.95 (2H, 
m), 6.76 (1H, dd), 6.47 (2H, s), 3.91 (2H, s), 3.83 (3H, s), 2.44 (3H, s). 

Example 15 

20 2-(4-Bromo-3-methvlaminomethvl-phenoxyV4-trifluoromethvl-benzonitrile fumarate 

aV 2-(4>Bromo-3-fonnvl-phenoxvV4-trifluoromethvl-benzonitrile 
A flask was charged with 2-fluoro-4-(triflouromethyl)benzonitrile (3.78 g, 2 mmol), 
2-bromo-4-hydroxy-benzaldehyde (4.02 g, 2 mmol), cesium carbonate (6.5 g, 2 mmol) and 
25 DMF (40 ml). The mixture was stirred overnight at 40 °C. The DMF was evaporated off 
and the residue was partitioned between ethyl acetate and 5% aqueous sodium hydrogen 
carbonate. The organic layer was dried with MgSC>4. Evaporation yielded a brown oil 
which solidified to give a brown solid (7.2 g, 97%). 

30 ! H NMR (300MHz, CDCI3) 10.34 (1H, s), 7.84 (1H, d), 7.74 (1H, d), 7.58 (1H, d), 7.49 
(1H, d), 7.25 (1H, m), 7.12 (1H, s). 
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b) 2-(4-Bromo-3-methvlarriino methvI-Dhenoxv)-4-trifluoromethYl-ben2onitrile fumarate 
To 2-(4-bromo-3-formyl-phenoxy)-4-trifluoromethyl-benzonitrile (550 mg, 1.5mmol) was 
added a 2M solution of methylamine in methanol (2.25 ml, 4.5 mmol) and 1% acetic acid 
in methanol (25 ml). Sodium borohydride ( 1 04 mg, 1 . 1 eq.) was added. The reaction 
$ mixture was stirred at room temperature overnight. The methanol was evaporated off and 
the residue was partitioned between ethyl acetate and 5% aqueous sodium carbonate. To 
the organic layer was added fumaric acid ( 1 74 mg) and the solution stirred overnight. The 
white solid which precipitated was filtered off to yield the title compound (200 mg, 27%). 

io *H NMR (300MHz, d 6 -DMSO) 8.18 (1H, d), 7.69 (2H, m), 7.43 (1H, s), 7.29 (1H, s), 7.13 
(lH,m), 6.51 (2H,s), 3.88 (2H, d), 2.37 (2H, s). 
MS (APCI+): 385. 1 , 387.09. 

Example 16 

15 

2-(2-Methvlamin omethvl-biphenvl-4-vloxv)-4-trifluoromethvl-benzonitrile 
fumarate 

a) 2-f 2-FormYl-biphenvl-4 -vloxv)-4-trifluoromethvl-benzonitrile: 
To a mixture of 2-(4-bromo-3-formyl-phenoxy)-4-trifluoromethyl-benzonitrile (1 .76 g, 
4.76 mmol) and Pd(dba) 3 (21.8 mg, 5 mole %) in dimethoxyethane ( 1 5 ml) was added a 
solution of phenylboronic acid (609 mg, 5 mmol), triphenylphosphine (15 mg, 12 mole %) 
and sodium carbonate (530 mg, 5 mmol) in water ( 1 0 ml). The mixture was refluxed for 3 
h. The solvent was evaporated off and the aqueous layer was extracted with 
dichJoromethane. The extracts were dried with MgS0 4 and filtered through silica. 
Evaporation yielded a brown solid (1.73 g, 99%). 

*H NMR (300MHz) (d 6 -DMSO) 9.86 (1H, s), 8.23 (1H, d), 7.78 (1H, d), 7.51-7.65 (8H, 
m). 

b) 2-(2-Methvlaminomethvl-b ipbenvl-4-vloxvV4-trifluoromethvl-ben2onitrile 
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fumarate 

To 2-(2-formyl-biphenyl"4-yloxy)-4-trifluoromethyl-ben2om (550 mg, 1.5 mmol) was 
added a 2M solution of methylamine in methanol (2.25 mL, 4.5 mmol) and 1% acetic acid 
in methanol (25 ml). Sodium borohydride (104 mg, 1.1 eq.) was added. The mixture was 
5 stirred at room temperature overnight. The methanol was evaporated off and the residue 
was partitioned between ethyl acetate and 5% aqueous sodium carbonate. To the organic 
layer was added fumaric acid (174 mg), and the solution stirred overnight. The white solid 
which precipitated was filtered off to yield the title compound (300 mg, 50%). 

io l H NMR (300MHz) (d 6 -DMSO) 8.19 (1H, d), 7.71 (1H, d), 7.33-7.48 (8H, m), 7.25 (1H, 

m), 6.49 (2H, s), 3.78 (2H, s), 2.27 (3H, s). 
MS (BPI Smooth/APCI+): 100% 383.5. 

Example 17 

15 

4-Chloro-2-r2-hvdroxy-3-(methvlaminomethvnphenoxv1benzonitrile fumarate 



a) 4-Chloro-2-(3-formyl-2-hydroxvphenoxv)-benzonitriIe 

To a solution of 2,3-dihydroxybenzaldehyde (3.03 g, 21.9 mmol) in DMSO (25 mL) was 
20 added sodium hydride (1 .97 g, 49.2 mmol, 60% suspension in mineral oil). After 45 min, 
4-chIoro-2-fluorobenzonitrile (3.41 g, 21 .9 mmol) was added, and the reaction mixture 
stirred at ambient temperature for 24 h. The reaction mixture was poured into 5% 
ammonium chloride solution and extracted twice with ethyl acetate. The separated ethyl 
acetate layers were combined, washed with IN hydrochloric acid (2x), water (2x), brine 
25 (lx), and dried over MgSC>4. After filtration, the solvent was removed in vacuo to give a 
yellow solid (5.88 g) which was triturated with hexane to yield 4-chloro-2-(3-formyl-2- 
hydroxyphenoxy)-benzonitrile (4.62 g, 77%) as a yellow solid. 

MS(APCI+)274[M+1] + . 



OOCID: < WO_03029 1 65A 1 J_> 



WO 03/029185- PCT/SE02/01803 

37 

' H-NMR (300 MHz, CDCh): 5 11.11 (1H, s), 9.98 (1H, s), 7.62-7.54 (2H, m), 7.44 (1H, 
br d), 7.15-7.07 (2H, m), 6.70 (1H, d). 

b) 4-C hloro-2-r2-hvdroxy-3-(methvlaminomethvnphenoxv1benz onitrilefiimaratft 
4-ChIoro-2-(3-formyl-2-hydroxyphenoxy)-ben2onitrile (0.30 g, 1.10 mmol), methylamine 
(2M in methanol, 2.5 mL, 5.0 mmol) and sodium cyanoborohydride (0.10 g, 1.6 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (35 mL) for 19 
h. The solvent was removed in vacuo. The residue was treated with saturated sodium 
hydrogen carbonate solution and extracted with ethyl acetate. To the ethyl acetate layer 
was added fumaric acid (0.12 g, 1 .03 mmol) and the solvent removed in vacuo. The 
residue was triturated with ethyl acetate overnight, collected by filtration, and dried to give 

4-chloro-2-[2-hydroxy-3-(methylaminomethyl)phenoxy]-benzonitrile fumarate (256 mg, 
58%) as a white solid. 

is MS (APC1+) 289/291 [M+l] + . 

'H-NMR (300 MHz, d 6 -DMSO): 8 7.88 (1H, d), 7.25 (1H, dd), 7.12 (1H, s), 7.10 (1H, s), 
6.81 (1H, br t), 6.62 (1H, br s), 6.47 (2H, s), 4.00 (2H, s), 2.37 (3H, s). 
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Example 1 8 

4-Chloro-2-r2-ethoxv-3-(methvlami nomethvnphenoxv1benzonitrile fumarate 
a) 2-Ethoxv-3-hvdroxybenzaldehvde 

2,3-Dihydroxybenzaldehyde (1.12 g, 8.1 1 mmol), potassium carbonate (1.12 g, 8.1 1 mmol) 
and iodoethane (0.65 mL, 1 .26 g, 8.1 1 mmol) in dry DMF (10 mL) were stirred at ambient 
temperature for 21 h. . The reaction mixture was poured into water and extracted with 
diethyl ether. The ether layer was washed with water (2x), and extracted with IN sodium 
hydroxide solution (3x). The basic extracts were combined and acidified by addition of 3N 
hydrochloric acid, then extracted with diethyl ether. The ether layer was washed with water 
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(2x), brine (1 x), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo 
to yield 2-ethoxy-3-hydroxybenzaldehyde (0.74 g, 55%) as an orange solid. 

MS(APCI+) 166[M+1] + . 
5 *H-NMR (300 MHz, CDC1 3 ): 6 10.26 (1H, s), 7.37 (1H, br dd), 7.24-7.1 1 (2H, m), 5.78 
(lH,s),4.14(2H,q), 1.47 (3H,t). 

b) 4-Chloro-2-(2-ethoxv-3-formylphenoxv)benzonitrile 

4-Chloro-2-fluorobenzonitrile (0.35 g, 2.2 mmol), 2-ethoxy-3-hydroxybenzaldehyde (0.37 
io g, 2.2 mmol) and cesium carbonate (0.73 g, 2.2 mmol) were heated with stirring in dry 
DMF (4 mL) at 50 °C for 19 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with IN sodium 
hydroxide solution (2x), water (2x), brine (lx), and dried over MgS0 4 . After filtration, the 
solvent was removed in vacuo to yield 4-chloro-2-(2-ethoxy-3-formylphenoxy)benzonitrile 
is (0.55 g, 82%) as a tan solid. 

'h-NMR (300 MHz, CDC1 3 ): 5 10.42 (1H, s), 7.81 (1H, dd), 7.61 (1H, d), 7.40 (1H, dd), 
7.29 (1H, d), 7.14 (1H, dd), 6.68 (1H, d), 4.25 (2H, q), 1.34 (3H, t). 

20 c) 4-ChlorO'2-r2-ethoxV"3-(methvlaminomethvnphenoxvlbenzonitrile fumarate 

4-Chloro-2-(2-ethoxy-3-formylphenoxy)benzonitrile (0.55 g, 1.8 mmol), methylamine (2M 
in methanol, 3.0 mL, 6.0 mmol) and sodium cyanoborohydride (0.13 g, 2.1 mmol) were 
stirred at ambient temperature in a 1% acetic acid/methanol solution (55 mL) for 3 days. 
The solvent was removed in vacuo. The residue was treated with 1 0% sodium carbonate 

25 solution and extracted with ethyl acetate. Fumaric acid (0.21 g, 1 .8 mmol) was added to the 
separated ethyl acetate layer and the solvent removed in vacuo. The residue was triturated 
overnight with ethyl acetate, collected by filtration, and dried to give 4-chloro-2-[2-ethoxy- 
3-(methylaminomethyl)phenoxy]benzonitrile fumarate (527 mg, 67%) as a white solid. 

30 MS ( APCI+) 317/319 [M+ 1 ] + . 

DOCID: <WO_030291 85A 1_l_> 



WO 03/029185 



PCT/SE02/01803 



10 



39 

'H-NMR (300 MHz, de-DMSO): 5 7.98 (1H, d), 7.48 (1H, br d), 7.36 (1H, dd), 7.32-7.23 
(2H, m), 6.74 (1H, s), 6.49 (2H, s), 4.04 (2H, q), 3.98 (2H, s), 2.46 (3H, s), 1.21 (3H, t). 

Example 19 

4-C hJoro-2-f2-(2-fluoroethoxv)-3-fmethvlaminomethvnphenoxvlbenzonitrile fiimarate 

a) 4-Chloro- 2-r2-(2-fluoroethoxvV3-forrnvlDhenoxv1benzonitrile 

4-Chloro-2-(3-formyl-2-hydroxyphenoxy)benzonitrile (0.29 g, 1.1 mmol), l-bromo-2- 
fluoroethane (0.20 mL, 0.34 g, 2.7 mmol) and cesium carbonate (0.41 g, 1 .3 mmol) were 
heated with stirring in dry DMF (5 mL) at 50 °C for 23 h. The reaction mixture was 
cooled, poured into IN sodium hydroxide solution and extracted with ethyl acetate. The 
ethyl acetate layer was separated, washed with IN sodium hydroxide solution (3x), water 
(4x), brine (lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo 
is to yield 4-chloro-2-[2-(2-fluoroethoxy)-3-formylphenoxy]benzonitrile (0.35 g) as a tan 
solid, which was used without further purification. 

] H-NMR (300 MHz, CDC1 3 ): 5 10.47 (1H, s), 7.82 (1H, dd), 7.61 (1H, d), 7.40 (1H, dd), 
7.31 (1H, br t), 7.16 (1H, dd), 6.71 (1H, d) 4.77-4.72 (1H, m), 4.61-4.56 (1H, m), 4.52-4.47 
20 (lH,m), 4.42-4.37 (lH,m). 

b ) 4-Chloro-2-r2-(2-fluoroethoxv)-3-(methvlaminomethvnphenoxv1benzonitrile 
fiimarate 

4-Chloro-2-[2-(2-fluoroethoxy)-3-formylphenoxy]benzonitrile (0.35 g, 1.1 mmol), 
25 methylamine (2M in methanol, 3.0 mL, 6.0 mmol) and sodium cyanoborohydride (90 mg, 
1.4 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (50 
mL) for 1 6 h. The solvent was removed in vacuo. The residue was treated with 1 0% 
sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated and fumaric acid (0. 12 g, 1 .0 mmol) was added. After the solvent was removed 
30 in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration and 
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dried to give 4-chloro-2-[2-(2-fluoro^ 
fumarate (194 mg, 40%) as a beige solid. 

MS (APCI+) 335/337 [M+l] + . 
5 *H-NMR (300 MHz, d 6 -DMSO): 5 7.95 (1H, d), 7.42 (1H, dd), 7.35 (1H, dd),.7.28-7.18 
(2H, m), 6.76 (1H, d), 6.46 (2H, s), 4.71-4.68 (1H, m), 4.55-4.52 (1H, m), 4.28-4.24 (1H, 
m), 4.18-4.14 (1H, m), 3.85 (2H, s), 2.37 (3H, s). 

Example 20 

10 

4-Chloro-2-r3-methylaminomethvl-2-(2^ 
fumarate 

a) 4-Chloro~2-r3-formyl-2-(2,2,2-trifluoroethoxv)phenoxv1ben2onitrile 

is To a solution of 4-chloro-2-(3-foirnyl-2-hydroxyphenoxy)benzonitrile (0.44 g, 1.6 mmol) 
in dry DMSO (10 mL) was added sodium hydride (50 mg, 2.0 mmol, 95%). After stirring 
for 15 min at ambient temperature, 2-iodo-l,l,l-trifluoroethane (0.47 mL, 1.01 g, 4.8 
mmol) was added and the mixture heated with stirring at 120 °C for 43 h. The reaction 
mixture was cooled, poured into IN hydrochloric acid and extracted with diethyl ether, 

20 The ether layer was separated, washed with water (3x), brine ( 1 x), and dried over MgS0 4 . 
After filtration, the solvent was removed in vacuo to give a yellow syrup (0.51 g) which 
was purified by chromatography to yield 4-chIoro-2-[3-formyI-2-(2,2,2- 
trifluoroethoxy)phenoxy]benzonitrile (0. 1 2 g, 2 1 %) as an off-white solid. 

25 ! H-NMR (300 MHz, CDC1 3 ): 5 10.43 (1H, s), 7.84 (1H, dd), 7.65 (1H, d), 7.42-7.35 (2H, 
m), 7.22 (lH,dd), 6.74 (lH,brd), 4.59 (2H,q). 

b) 4-Chloro-2-f3-methvlaminomethvl-2-(2,2,2-trifluoroethoxv)phenoxv1-benzonitrile 
fumarate 
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4-Qiloro-2-[3-formyl-2-(2,2,2-trifluoroethoxy)phenoxy]benzonitrile (0.12 g, 0.33 mmol), 
methylamine (33% in ethanol, 0.4 mL, 3.2 mmol) and sodium cyanoborohydride (40 mg, 
0.6 mmol) were stirred at ambient temperature in a solution of glacial acetic acid (0.5 mL) 
in methanol (25 mL) for 18 h. The solvent was removed in vacuo. The residue was treated 
with 10% sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate 
layer was separated and fumaric acid (39 mg, 0.34 mmol) was added. After the solvent was 
removed in vacuo, the residue was triturated with ethyl acetate overnight, collected by 
filtration and dried to give 4-chloro-2-[3-methylaminomethyl-2-(2,2,2- 
trifluoroethoxy)phenoxy]-benzonitrile fumarate (76.5 mg, 47%) as a white solid. 

MS (APCI+) 371/373 [M+l] + . 

'h-NMR (300 MHz, d 6 -DMSO): 5 8.00 (1H, d), 7.52-7.31 (4H, m), 6.99 (1H, br s), 6.63 
(2H, s), 4.77 (2H, q), 4.22 (2H, s), 2.64 (3H, s). 

15 Example 21 

4-Chloro-2-(3-methvlaminomethvl -2-DroDoxvphenoxv'>benzonitrile fumarate. 

a) 3-Hvdroxv-2-propoxvbenzaldehvde 

20 2,3-Dihydroxybenzaldehyde (1.16 g, 8.40 mmol), potassium carbonate (1.16 g, 8.40 mmol) 
and 1 -iodopropane (0.82 mL, 1 .43 g, 8.40 mmol) in dry DMF (10 mL) were stirred at 
ambient temperature for 20 h. The reaction mixture was poured into water and extracted 
with diethyl ether. The diethyl ether layer was washed with water (2x), then extracted with 
IN sodium hydroxide solution (3x). The basic extracts were combined and acidified by 

25 addition of 3N hydrochloric acid, then extracted with diethyl ether. The ether layer was 
washed with 1 0% sodium hydrogen carbonate (3x), water (lx), brine (lx), and dried over 
MgS0 4 . After filtration, the solvent was removed in vacuo to yield 3-hydroxy-2- 
propoxybenzaldehyde (0.64 g, 42%) as a yellow solid. 

30 MS (APCI+) 180 [M+l] + . 



SDOCID: <WO_03029185A1_L> 



WO 03/029 1 85 PCT/SE02/01 803 

•I 

42 

1 H-NMR'(300MHz 9 -CpCl 3 ):S 10.28 (1H, s), 7.38 (1H, dd), 7.23 (1H, dd), 7.14 (1H, brt), 
5.78 (IH, s), 4.02 (2H, t), 1.95-1.83 (2H, m), 1.08 (3H, t). 

b) 4-ChlorO"2-(3-formvl-2-propoxyphenoxv)ben2onitrile 
5 4-Chloro-2-fluorobenzonitrile (0.35 g, 2.2 mmol), 3-hydroxy-2-propoxybenzaldehyde 
(0.40 g, 2.2 mmol) and cesium carbonate (0.72 g, 2.2 mmol) were heated with stirring in 
dry DMF (4 mL) at 50 °C for 19 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with IN sodium 
hydroxide solution (2x), water (lx), brine (Ix), and dried over MgS0 4 . After filtration, the 
10 solvent was removed in vacuo to yield 4-chloro-2-(3-formyl-2-propoxyphenoxy)- 

benzonitrile (0.69 g, 98%) as a brown oil, which was used without further purification. 

*H-NMR (300 MHz, CDC1 3 ): 5 10.43 (1H, s), 7.81 (1H, dd), 7.61 (1H, d), 7.40 (1H, dd), 
7.29 (1H, d), 7.14 (1H, dd), 6.68 (1H, d), 4.12 (2H, t), 1.80-1.65 (2H, m), 0.93 (3H, t). 

15 

cY 4-Chloro-2-(3-methvlaminomethvl-2-propoxyphenoxv)benzonitrile fumarate 
4-CMoro-2-(3-fonnyl-2-propoxyphenoxy)benzonitrile (0.68 g, 2.2 mmol), methylamine ; 
(2M in methanol, 3.2 mL, 6.4 mmol) and sodium cyanoborohydride (0.15 g, 2.4 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (70 mL) for 20 

20 h. The solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fiimaric 
acid (250 mg, 2.2 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 
4-chloro-2-(3-methylaminomethyl-2-propoxyphenoxy)benzonitrile fumarate (567 ing, 

25 59%) as a white solid. 

MS (APCI+) 331/333 [M+l] + . 

*H-NMR (300 MHz, d 6 -DMSO): 5 7.95 (1H, d), 7.45 (1H, br dd), 7.34 (1H, d), 7.26-7.21 
(2H, m), 6.71 (1H, s), 6.50 (2H, s), 3.92-3.85 (4H, m), 2.43 (3H, s), 1.68-1.53 (2H, m), 
30 0.84 (3H,t). 
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Example 22 

4-Chloro-2^2-(2-hvdroxyetto^ 

5 

a) 4>Chloro-243>formvl-2-(2-hvdroxvethoxv)phenoxv1benzonitrile 

A solution of 4-chloro-2-(3-formyl-2-hydroxyphenoxy)benzonitrile (0.30 g, 1.1 mmol), 
2-bromoethanol (0.10 mL, 0.18 g, 1.4 mmol) and cesium carbonate (0.43 g, 1 .3 mmol) 
were heated with stirring in dry DMF (3 mL) at 50 °C. After 22 h, 2-bromoethanol (0. 1 9 

10 mL, 0.33 g, 2.7 mmol) was added, and stirring continued for an additional 24 h at 50 °C. 
The reaction mixture was cooled, poured into water and extracted with ethyl acetate. The 
ethyl acetate layer was separated, washed with IN sodium hydroxide solution (3x), water 
(lx), brine (lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo 
to yield 4-cWoro-2-[3-formyl-2-(2-hydroxyethoxy)phenoxy]benzonitrile (0.29 g, 83%) as a 

15 tan oil, which was used without further purification. 

*H-NMR (300 MHz, CDCI3): 5 10.37 (1H, s), 7.79 (1H, dd), 7.62 (1H, d), 7.40 (1H, dd), 
7.34 (1H, d), 7.16 (1H, dd), 6.69 (1H, d), 4.30 (2H, t), 3.90-3.82 (2H, m). 

20 b) 4-Chloro-2-r2-f 2- hvdroxvethoxvV3-r methvlaminomethvnphenoxvl-benzonitrile 
fumarate 

4-Chloro-2-[3-formyl-2-(2-hydroxyethoxy)phenoxy]benzonitrile (0.29 g, 0.91 mmol), 
methylamine (2M in methanol, 2.0 mL, 4.0 mmol) and sodium cyanoborohydride (70 mg, 
1 . 1 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (25 

25 mL) for 24 h. The solvent was removed in vacuo. The residue was treated with 1 0% 
sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated and fumaric acid (0.1 1 g, 0.95 mmol) was added. After the solvent was removed 
in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration, and 
dried to give 4-chloro-2-[2-(2-hydroxyethoxy)-3-methylaminomethyl)phenoxy]- 

30 benzonitrile fumarate (250 mg, 6 1 %) as a white solid. 
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MS (APCI+) 333/335 [M+l] + 

! H-NMR (300 MHz, d 6 -DMSO): 5 7.96 (1H, d), 7.43-7.32 (2H, m), 7.28-7.18 (2H, m), 
6.75 (1H, br s), 6.47 (2H, s), 4.04 (2H, t), 3.98 (2H, s), 3.58 (2H, t), 2.42 (3H, s). 

5 

Example 23 

4-Chloro-2-[2'ethoxv-4-(methvlaminomethvnphenoxv1bcnzonitrile fiimarate 

10 a) 4-Chloro-2-(2-ethoxv-4-formylphenoxv)benzonitrile 

4-Chloro-2-fluorobenzonitrile (0.40 g, 2.6 mmol), 3-ethoxy-4-hydroxybenzaldehyde (0.43 
g, 2.6 mmol) and cesium carbonate (0.84 g, 2.6 mmol) were heated with stirring in dry 
DMF (4 mL) at 50 °C for 20 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with water (lx), 

is 10% sodium carbonate solution (lx), 0.5N sodium hydroxide solution (lx), water (lx), 
brine (lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo to 
yield 4-chloro-2-(2-ethoxy-4-formylphenoxy)benzonitrile (0.67 g, 86%) as a yellow solid. 

*H-NMR (300 MHz, CDCb): 5 9.98 (1H, s), 7.59 (1H, d), 7.55-7.49 (2H, m), 730 (1H, d), 
20 7.13 (1H, dd), 6.71 (1H, d), 4.10 (2H, q), 1.26 (3H, t). 

b) 4"Chloro-2-r2-ethoxv~4-(methylaminomethvl)phenoxv1benzonitrile fumarate 
4-Chloro-2-(2-ethoxy-4-formylphenoxy)benzonitrile (0.67 g, 2.2 mmol), methyl amine (2M 
in methanol, 3.5 mL, 7.0 mmol) and sodium cyanoborohydride (0. 1 6 g, 2.5 mmol) were 
25 stirred at ambient temperature in a 1% acetic acid/methanol solution (65 mL) for 18 h. The 
solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 
acid (0.26 g, 2.2 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 
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4-chloro-2-[2-ethoxy-4-(methylaminomethyl)phenoxy]benzonitri fiimarate (707 mg, 
74%) as a white solid. 

MS (APCI+) 317/319[M+1] + 
s *H-NMR (300 MHz, c^-DMSO): 7.92 (1H, d), 7.38 (1H, br s), 7.34 -7.27 (2H, m), 7.10 
(1H, br d), 6.67 (1H, br s), 6.49 (2H, s), 4.04 (2H, q), 3.97(2H, s), 2.46 (3H, s), 1.12 (3H, 
t). 

Example 24 

10 

4-Ch)oro>2-r4>(methvlaminomethvnnaphtha1en-l-vloxv1benzonitrile fiimarate 
a) 4-Chloro-2-(4-formvlnaphthalen- 1 -vloxv)benzonitrile 

4-Chloro-2-fluorobenzonitrile (0.31 g, 2.0 mmol), 4-hydroxy-l-naphthaldehyde (0.34 g, 
is 2.0 mmol) and cesium carbonate (0.64 g, 2.0 mmol) were heated with stirring in dry 
DMF (4 mL) at ambient temperature for 10 days. The reaction mixture was poured into 
water and extracted with ethyl acetate. The ethyl acetate layer was separated, washed with 
IN sodium hydroxide solution (2x), water (lx), brine (Ix), and dried over MgS0 4 . After 
filtration, the solvent was removed in vacuo Xo yield 4-chloro-2-(4-formylnaphthalen-l- 
20 yloxy)benzonitrile (0.34 g, 56%) as a tan solid, which was used without further 
purification. 

^-NMR (300 MHz, CDC1 3 ): 5 10.36 (1H, s), 9.35 (1H, d), 8.27 (1H, br d), 7.99 (1H, d), 
7.83-7.77 (1H, m), 7.73-7.63 (2H, m), 7.29 (1H, br d), 7.09 (1H, d), 6.98 (1H, d). 

25 

b) 4-Chloro-2-r4-f methvlaminomethvnnaphthalen- 1 -vloxvlbenzonitrile fiimarate 
4-Chloro-2-(4-formylnaphthalen-l-yloxy)benzonitrile (0.34 g, 1.1 mmol), methylamine 
(2M in methanol, 2.0 mL, 4.0 mmol) and sodium cyanoborohydride (80 rrig, 1 .3 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (30 mL) for 18 
30 h. The solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
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solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 
acid (0.12 g, 1.0 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 
4-chloro-2-[4-(methylaminomethyl)naphthalen-l-yloxy]benzonitrile fumarate (328 mg, 
5 68%) as an off-white solid. 

MS (APCI+) 323/325 [M+l] + . 

*H-NMR (300 MHz, d 6 -DMSO): 5 8.32 (1H, d), 8.05-7.98 (2H, m), 7.74-7.60 (3H, m), 
7.41 (1H, dd), 7.30 (1H, d), 6.86 (1H, br d), 6.49 (2H, s), 4.33 (2H, s), 2.50 (3H, s). 

10 

Example 25 

4-Chloro-2-f3-(dimethvlaminomethyl)phenoxv1benzonitrile fumarate 

is 4-Chloro-2-(3-formylphenoxy)benzonitrile (0.20 g, 0.78 mmol), dimethylamine (2M in 
methanol, 1 .0 mL, 2.0 mmol) and sodium cyanoborohydride (60 mg, 0.96 mmol) were 
stirred at ambient temperature in a 1% acetic acid/methanol solution (20 mL) for 18 h. The 
solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 

20 acid (0. 10 g, 0.86 mmol) was added. After the solvent was removed in vacuo >, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 
4-chloro-2-[3-(dimethylaminomethyl)phenoxy]benzonitrile fumarate (1 79 mg, 58%) as a 
white solid. 

25 MS (APCI+) 287/289 [M+l] + . 

1 H-NMR (300 MHz, d 6 -DMSO): 5 7.96 (1H, d), 7.48 (1H, br t), 7.39 (1H, dd), 7.30 (1H, 
br d), 7.22-7.12 (2H, m), 6.99 (1H, d), 6.60 (2H, s), 3.64 (2H, s), 2.28 (6H, s). 

Example 26 

30 
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4-Chloro-2-m(2-(hydr6xvemvnam in6)mem^^ 

4-Chloro-2-(3-formylphenoxy)benzonitrile (0.20 g, 0.78 mmol), ethanolamine (50 uL, 51 
mg, 0.83 mmol) and sodium cyanoborohydride (60 mg, 0.96 mmol) were stirred at ambient 
s temperature in a 1 % acetic acid/methanol solution (20 mL) for 40 h. The solvent was 
removed in vacuo. The residue was treated with 10% sodium carbonate solution and 
extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric acid (0.10 
g, 0.86 mmol) was added. After the solvent was removed in vacuo, the residue was 
triturated with ethyl acetate overnight, collected by filtration, and dried to give 4-chloro-2- 
io {3-[(2-(hydroxyethyl)amino)methyl]phenoxy}benzonitrile fumarate (240 mg, 73%) as a 
white solid. 

MS (APCI+) 303/305 [M+l] + . 

'h-NMR (300 MHz, d 6 -DMSO): 5 7.97 (1H 5 d), 7.49 (1H, t), 7.41-7.35 (2H, m), 7.31 (1H, 
■5 br s), 7.16 (1H, br d), 6.97 (1H, br s), 6.53 (2H, s), 3.97 (2H, s), 3.57 (2H, t), 2.77 (2H, t). 

Example 27 

4-Ghloro-2-{3-r(2-methoxvethvla mino)methvnphenoxv)henzonitrile fumarate 



20 



25 



4-Chloro-2-(3-formylphenoxy)benzonitrile (0.20 g, 0.78 mmol), 2-methoxyethylamihe (72 

uL, 62 mg, 0.83 mmol) and sodium cyanoborohydride (60 mg, 0.96 mmol) were stirred at 

ambient temperature in a 1% acetic acid/methanol solution (20 mL) for 40 h. The solvent 

was removed in vacuo. The residue was treated with 10% sodium carbonate solution and 

extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric acid (0.10 

g, 0.86 mmol) was added. After the solvent was removed in vacuo, the residue was 

triturated with ethyl acetate overnight, collected by filtration, and dried to give 4-chloro-2- 

{3-[(2-methoxyethylamino)methyl]phenoxy}benzonitrile fumarate (208 mg, 61%) as a 
white solid. 
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MS (APCI+) 317/319 [M+l]\, ...... 

l H-NMR (300 MHz, d 6 -DMSO): 5 7.96 (1H, d), 7.45 (1H, t), 7.39 (1H, dd), 7.30 (1H, br 
d), 7.22 (1H, br s), 7.1 1 (1H, br d), 6.94 (1H, br s), 6.62 (2H, s), 3.84 (2H, s), 3.43 (2H, t), 
3.23 (3H, s), 2.73 (2H, t). 

5 

Example 28 

4-Chloro-2-r3-( propylaminomethvDphenoxvlbenzonitrile fumarate 

io 4-Chloro-2-(3-fonriy]phenoxy)benzonitrile (0.20 g, 0.78 mmol), n-propylamine (140 jaL, 
101 mg, 1 .7 mmol) and sodium cyanoborohydride (60 mg, 0.96 mmol) were stirred at 
ambient temperature in a 1 % acetic acid/methanol solution (20 mL) for 5 days. The solvent 
was removed in vacuo. The residue was treated with 10% sodium carbonate solution and 
extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric acid (0.10 

is g, 0.86 mmol) was added. After the solvent was removed 'in vacuo, the residue was 

triturated with ethyl acetate overnight, collected by filtration, and dried to give 4-chloro-2- 
[3-(propylaminomethyl)phenoxy]benzonitrile fumarate (250 mg, 78%) as a white solid. 

MS (APCI+) 301/303 [M+l] + . 
20 VNMR (300 MHz, d 6 -DMSO): 5 7.97 (1H, d), 7.49 (lH, t), 7.40 (1H, dd), 7.35 (1H, br 
d), 7.29 (1H, br s), 7.17 (lH. br dd), 6.96 (1H, br s), 6.46 (2H, s), 3.94 (2H, s), 2 f 63 (2H, t), 
1.61-1.46 (2H, m), 0.86 (3H, t). 

Example 29 

4-Chloro-2- ( 3-r(2-dimethvlaminoethvlamino)methvnphenoxv)benzonitrile fumarate 
4-Chloro-2-(3-formylphenoxy)benzonitrile (0.20 g, 0.78 mmol), 

N,N-dimethylethylenediamine (90 nL, 72 mg, 0.82 mmol) and sodium cyanoborohydride 
30 (60 mg, 0.96 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol 
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solution (20 mL) for 5 days. The solvent was removed in vacuo. The residue was treated 
with 10% sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate 
layer was separated and fumaric acid (0. 1 0 g, 0.86 mmol) was added. After the solvent was 
removed in vacuo, the residue was triturated with ethyl acetate overnight, collected by 
5 filtration, and dried to give 4-chloro-2- {3-[(2-dimethylaminoethylamino)methyl]- 
phenoxy}benzonitrile fumarate (315 mg, 90%) as a white solid. 

MS ( APCI+) 330/332 [M+ 1 ] + . 

'H-NMR (300 MHz, d 6 -DMSO): 5 7.98 (1H, d), 7.47 (1H, t), 7.40 (1H, dd), 7.31 (1H, br 
io d), 7.25 (1H, br s), 7.13 (1H, br dd), 6.94 (1H, br s), 6.49 (2H, s), 3.85 (2H, s), 2.71 (2H, t), 
2.55 (2H, t), 2.26 (6H, s). 

Example 30 

15 4-Chloro-2-{3-f(:3-hvd roxvpropvlamino)methvnphenoxv>benzonitrile fumarate 

4-Chloro-2-(3-formylphenoxy)benzonitrile (0.2 1 g, 0.8 1 mmol), 3-aminopropan- 1 -ol (65 

uL, 64 mg, 0.85 mmol) and sodium cyanoborohydride (60 mg, 0.96 mmol) were stirred at 

ambient temperature in a 1% acetic acid/methanol solution (20 mL) for 5 days. The solvent 

20 was removed in vacuo. The residue was treated with 1 0% sodium carbonate solution and 

extracted with ethyl acetate: The ethyl acetate layer was separated and fumaric acid (0. 10 

g, 0.86 mmol) was added. After the solvent was removed in vacuo, the residue was 

triturated with ethyl acetate overnight, collected by filtration, and dried to give 4-chloro-2- 

{3-[(3-hydroxypropylamino)methyl]phenoxy}benzonitrile fumarate (352 mg, 99%) as a 
25 white solid. 

MS (APCI+) 317/319 [M+l] + . 

'H-NMR (300 MHz, ds-DMSO): 5 7.97 (1H, d), 7.48 (1H, t), 7.39 (1H, dd), 7.35 (IH, br 
d), 7.29 (1H, br s), 7.16 (1H, br dd), 6.95 (1H, br s), 6.46 (2H, s), 3.93 (2H, s), 3.45 (2H, t), 
30 2.72 (2H, t), 1.71-1.61 (2H, m). 
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Example 3 1 

4-ChIoro-2-r3>(pyrrolidin"l-vlmethvnphenoxvlben2onitrile fumarate 

5 

4-Chloro-2-(3-formylphenoxy)benzonitrile (0.20 g, 0.78 mmol), pyrrolidine (0.14 mL, 
0.12 g, 1.7 mmol) and sodium cyanoborohydride (60 mg, 0.96 mmol) were stirred at 
ambient temperature in a 1% acetic acid/methanol solution (20 mL) for 5 days. The solvent 
was removed in vacuo. The residue was treated with 10% sodium carbonate solution and 
io extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric acid (0. 10 
g, 0.86 mmol) was added. After the solvent was removed in vacuo, the residue was 
triturated with ethyl acetate overnight, collected by filtration, and dried to give 4-chloro-2- 
[3-(pyrrolidin-l-ylmethyl)phenoxy]benzonitrile fumarate (1 17 mg, 35%) as a white solid. 

is MS (APCI+) 313/315 [M+l] + . 

*H-NMR (300 MHz, d 6 -DMSO): 5 7.97 (1H, d), 7.45 (1H, t), 7.39 (1H, dd), 7.27 (1H, br 
d), 7.17 (1H, br s), 7.1 1 (1H, br d), 6.95 (1H, br s), 6.48 (2H, s), 3.68 (2H, s), 3.1 1-3.05 
(4H, m), 1 .85- 1 .77 (2H, m), 1 .75- 1 .67 (2H, m). 

20 Example 32 

4-Chlor6-5-fluoro-2-(2-methoxv^3-methvlamin6methvlphenoxv)ben2onitriIe fumarate - 

a) 4-Chloro-2.5-difluorobenzamide 

25 4-Chloro-2,5-difluorobenzoic acid (2.05 g, 10.6 mmol) was suspended in dry toluene (40 
mL, plus two drops DMF) with cooling in an ice water bath. Oxalyl chloride (2.4 mL, 3.5 
g, 27.5 mmol) was added and reaction mixture was allowed to reach ambient temperature 
with stirring. After 1 8 h, the solvent was removed in vacuo and the residue dissolved in 
2-methoxyethyl ether (6 mL), which was added to concentrated ammonium hydroxide (80 

30 mL) with stirring. After 1 h, the resulting precipitate was collected by filtration, washed 
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with water and dried to give 4-chloro-2,5-difluorobenzamide (1 .52 g, 75%) as a beige 
solid. 

MS(APCI+) 192[M+lj + 
5 *H-NMR (300 MHz, CDC1 3 ): 5 7.96-7.88 (1H, m), 7.30-7.22 (1H, m), 6.61 (1H, br s), 5.98 
(lH,brs). 

b) 4-Chloro-2,5-difluorobenzonitrile 

4-Chloro-2,5-difluorobenzamide (1 .50 g, 7.83 mmol) was dissolved in dry DMF (10 mL) 
10 and cooled with an ice-water bath. Thionyl chloride (2.8 mL, 4.6 g, 38 mmol) was added, 
and the resulting solution was heated to 80 °C with stirring for 2.5 h. The cooled reaction 
mixture was poured into water and extracted with ethyl acetate. The ethyl acetate layer was 
washed with water (lx), saturated sodium hydrogen carbonate (lx), water (3x), brine (lx), 
and dried over MgS0 4 . After filtration, the solvent was removed in vacuo to give a 
is yellowish tan solid (0.60 g). Purification by chromatography gave 4-chloro-2,5- 
difluorobenzonitrile (0.48 g, 35%) as a tan crystalline solid. 

] H-NMR (300 MHz, CDC1 3 ): 5 7.42 (1H, dd), 7.35 (1H, dd). 

20 c> 4-Chloro-5-fluoro-2~(3-formvl-2-methoxyphenoxv)benzonitrile 

4-ChIoro-2,5-difluorobenzonitrile (0.45 g, 2.6 mmol), 3-hydroxy-2-methoxybenzaldehyde 
(0.39 g, 2.6 mmol) and cesium carbonate (0.84 g, 2.6 mmol) were heated with stirring in 
dry DMF (5 mL) at 50 °C for 18 h. The reaction mixture was cooled, poured into 0.1N 
sodium hydroxide solution and extracted with ethyl acetate. The ethyl acetate layer was 

25 separated, washed with 0. 1 N sodium hydroxide solution ( 1 x), water (2x), brine ( 1 x), and 
dried over MgS0 4 . After filtration, the solvent was removed in vacuo, and purified by 
chromatography to yield 4-chloro-5-fluoro-2-(3-formyl-2-methoxyphenoxy)benzonitrile 
(0.33 g, 42%) as a pale yellow solid. 
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l H-NMR (300 MHz, CDCI3): 5 10.40 (1H, s), 7.81 (1H, dd), 7.47 (1H, d), 7.38 (1H, dd), 
7.30 (1H, d), 6.76 (1H, d), 4.01 (3H, s). 



d) 4-Chloro-5-fluoro-2-f 2-methoxv-3-methvlaminomethylphenoxv)benzonitrile fumarate 
5 4-Chloro-5-fluoro-2-(3-formy]-2-methoxyphenoxy)benzonitrile (0.29 g, 0.95 mmol), 
methylamine (33% in ethanol, 1.0 mL, 8.0 mmol) and sodium cyanoborohydride (90 mg, 
1 A mmol) were stirred at ambient temperature in a 1 % acetic acid/methanol solution (50 
mL) for 44 h. The solvent was removed in vacuo. The residue was treated with 10% 
sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
10 separated and fumaric acid (65 mg, 0.56 mmol) was added. After the solvent was removed 
in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration, and 
dried to give 4-chloro-5-fluoro-2-(2-methoxy-3-methylaminomethylphenoxy)benzonitrile 
fumarate (143 mg, 35%) as a white solid. 

is MS (APCI+) 321/323 [M+l] + . 



l H-NMR (300 MHz, d 6 -DMSO): 5 8.20 (1H, d), 7.42-7.38 (1H, m), 7.25-7.17 (2H, m), 
7.03 (1H, d), 6.48 (2H, s), 3.89 (2H, s), 3.79 (3H, s), 2.42 (3H, s). 



a) 4-Bromo-2-(3-formvl-2-methoxyphenoxv)benzonitrile 

4-Brorno-2-fluorobenzonitrile (0.41 g, 2.0 mmol), 3-hydroxy-2-methoxybenzaldehyde 
25 (0.31 g, 2.0 mmol) and cesium carbonate (0.66 g, 2.0 mmol) were heated with stirring in 
dry DMF (4 mL) at 50 °C for 18 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with IN sodium 
hydroxide solution (2x), water (lx), brine (lx), and dried over MgS0 4 . After filtration, the 
solvent was removed in vacuo to yield 4-bromo-2-(3-foimyl-2-methoxyphenoxy)- 
30 benzonitrile (0.55 g, 8 1 %) as a yellow solid. 



Example 33 



20 



4-Bromo-2'(2-methoxv-3-methvlaminomethvl-phenoxv)-benzbnitrile fumarate 
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MS (APCI+) 332/334 [M+l] + . 

] H-NMR (300 MHz, CDC1 3 ): 5 10.41 (1H, s), 7.81 (1H, dd), 7.54 (1H, d), 7.40 (1H, dd), 
7.34-7.28 (2H, m), 6.85 (1H, d), 4.01 (3H, s). 

5 

b) 4-Bromo-2-(2-methoxv-3-methvlaminomethvl-phenoxvVbenzonitrile fumarate 
4-Bromo-2-(3-fonnyl-2-methoxyphenoxy)benzonitrile (0.55 g, 1.7 mmol), methylamine 
(2M in methanol, 3.0 mL, 6.0 mmol) and sodium cyanoborohydride (120 mg, 1.9 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (40 mL) for 17 
10 h. The solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 
acid (0.20 g, 1.7 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 

4-bromo-2-(2-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile fumarate (546 mg, 
is 71%) as a white solid. 

MS (APCI+) 347/349 [M+l f . 

*H-NMR (300 MHz, d 6 -DMSO): 5 7.88 (1H, d), 7.50 (1H, dd), 7.46-7.41 (1H, m), 7.28- 
7.22 (2H, m), 6.89 (1H, d), 6.49 (2H, s), 3.94 (2H, s), 3.79 (3H, s), 2.44 (3H, s). 

20 

Example 34 

2-f2-Methoxv-3- methvlaminomethvl-phenoxv > >-6-trifluoromethvl-nicotinonitrile fumarate 

25 a) 2-(3-FoiTOvl-2-methoxvphenoxv)-6-(trifluoromethvl)nicotinonitrile 

2-Chloro-6-(trifluoromethyl)nicotinonitrile (0.34 g, 1 .6 mmol), 3-hydroxy-2- 
methoxybenzaldehyde (0.25 g, 1.6 mmol) and potassium fluoride (0.29 g, 4.9 mmol) were 
heated with stirring in dry DMF (4 mL) at 120 °C for 3 h. The reaction mixture was 
cooled, poured into IN sodium hydroxide solution and extracted with ethyl acetate. The 

30 ethyl acetate layer was separated, washed with IN sodium hydroxide solution (3x), water 
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(3x), brine (lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo 
to yield 2-(3-foiTnyl-2-methoxyphenoxy)-6-(triflu^ (0.50 g, 94%) 

as a yellow solid. 

5 MS (APCI+) 323 [M+l] + . 

l H-NMR (300 MHz, CDC1 3 ): 5 10.37 (1H, s), 8.23 (1H, d), 7.81 (1H, dd), 7.54-7.47 (2H, 
m), 7.32-7.26 (1H, m), 3.96 (3H, s). 

b) 2-(2-Methoxv-3-methvlaminomethvl-phenoxy)-6-tri 
10 fumarate 

2-(3-Fonnyl-2-methoxyphenoxy)-6-(trifluoromethyl)nicotinonitrile (0.50 g, 1.6 mmol), 
methylamine (33% in ethanol, 0.9 mL, 7.2 mmol) and sodium cyanoborohydride (120 mg, 
1.9 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (80 
mL) for 18 h. The solvent was removed in vacuo. The residue was treated with 10% 
15 sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated and fumaric acid (0.20 g, 1.7 mmol) was added. After the solvent was removed 
in vacuo,, the residue was triturated with ethyl acetate overnight, collected by filtration, and 
dried to give 2-(2-methoxy-3-methylaminomethyl-phenoxy)-6-trifluoromethyl- 
nicotinonitrile fumarate (468 mg, 67%) as a white solid. 

20 

MS(APCI+) 338 [M+lf. 

'h-NMR (300 MHz, d 6 -DMSO): 5 8.78 (1H, d), 7.85 (1H, d), 7.48 (1H, d), 7.37 (1H, d), 
7.28-7.22 (1 H, m), 6.50 (2H, s), 3.97 (2H, s), 3.74 (3H, s), 2.40 (3H, s). 

25 Example 35 

4-Methoxv-2-(2-methoxv-3-methvlaminomethvl-phenoxvVbenzonitrile fumarate 

a) 2-Fluoro-4-methoxy-benzonitrile 
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2-Fludro-4-hydroxybenzonitrile (0.50 g, 3.7 mmol), potassium carbonate (0.53 g, 3.8 
mmol) and iodomethane (0.34 mL, 0,78 g, 5.5 mmol) in dry DMF (5 mL) were stirred at 
ambient temperature for 2 1 h. . The reaction mixture was poured into water and extracted 
with ethyl acetate. The ethyl acetate layer was washed with IN sodium hydroxide solution 
5 (2x), water (3x), brine (lx), and dried over MgS0 4 . After filtration, the solvent was 
removed in vacuo to yield 2-fluoro-4-methoxy-benzonitrile (0.54 g, 98%) as a white 
crystalline solid. 

*H-NMR (300 MHz, CDC1 3 ): 5 7.55-7.48 (1H, m), 6.77 (IH, dd), 6.71 (IH, dd), 3.86 (3H, 
10 s). 

b) 2-(3-Formvl-2-methoxv-phenoxvV4-methoxv-benzonitrile 

2-Fluoro-4-methoxy-benzonitrile (0.28 g, 1.8 mmol), 3-hydroxy-2-methoxybenzaldehyde 
(0.28 g, 1.8 mmol) and cesium carbonate (0.90 g, 2.4 mmol) were heated with stirring in 
is dry DMF (4 mL) at 50 °C for 40 h. The reaction mixture was cooled, poured into IN 
sodium hydroxide solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated, washed with IN sodium hydroxide solution (4x), water (4x), brine (lx), and 
dried over MgS0 4 . After filtration, the solvent was removed in vacuo to yield 2-(3 formyl- 
2-methoxy-phenoxy)-4-methoxy-benzonitrile (0.38 g, 73%) as a tan oil. 

20 

MS (APCI+) 284 [M+l] + . 

] H-NMR (300 MHz, d 6 -DMSO): 5 10.42 (1H, s), 7.75 (1H, dd), 7.60 (IH, br d), 7.36 (IH, 
dd), 7.27-7.21 (IH, m), 6.68 (1H, br dd), 6.21 (1H, br d), 4.04 (3H, s), 3.75 (3H, s). 

25 c) 4'Methoxv-2-(2-methoxv-3-methvlaminomethvl-phenoxvVbenzonitrile fumarate 
2-(3-Formyl-2-methoxy-phenoxy)-4-methoxy-benzonitrile (0.38 g, 1.3 mmol), 
methylamine (2M in methanol, 3.0 mL, 6.0 mmol) and sodium cyanoborohydride (110 mg, 
1.8 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (50 
mL) for 17 h. The solvent was removed in vacuo. The residue was treated with 10% 

30 sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
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separated and fumaric acid (0.15 g, 1.3 mmol) was added. After the solvent was removed 
in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration, and 
dried to give 4-methoxy-2-(2-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile 
ftimarate (326 mg, 58%) as an off-white solid. 

5 

MS(APC1+)299[M+1] + 

'h-NMR (300 MHz, d 6 -DMSO): 5 7.83 (1H, d), 7.39 (1H, br d), 7.24-7.14 (2H, m), 6.85 
(1H, dd), 6.48 (2H, s), 6.21 (1H, d), 3.93 (2H, s), 3.80 (3H, s), 3.73 (3H, s), 2.43 (3H, s). 

10 Example 36 

3-Fluoro-2-(2-methoxv-3-fmethvlaminomethvnphenoxvV4-methvl-benzonitrile fumarate 

a) 2,3-Difluoro-4-methvlbenzonitrile 

15 2,3-Difluoro-4-methylbenzamide (1 .02 g, 5.96 mmol) was dissolved in dry DMF (8 mL) 
and cooled with an ice-water bath. Thionyl chloride (2.2 mL, 3.6 g, 30 mmol) was added, 
and the resulting solution was heated to 80 °C with stirring for 8 h. The cooled reaction 
mixture was poured into water and extracted with diethyl ether. The ether layer was 
washed with water (lx), saturated sodium hydrogen carbonate (Ix), water (lx), brine (lx), 

20 and dried over MgS0 4 . After filtration, the solvent was removed in vacuo to give a dark 
orange solid (0.87 g). Purification by chromatography gave 2,3-difluoro-4- 
methylbenzonitrile (0.28 g, 30%) as a yellow solid. 

1 H-NMR (300 MHz, CDC1 3 ): 5 7.32-7.25 (1H, m), 7.10-7.03 (1H, m), 2.39 (3H, d). 

25 

b) 3-FIuoro-2-(3-formvl-2-methoxyphenoxvV4-methvlbenzonitrLle 

2,3-Difluoro-4-methylbenzonitrile (0.21 g, 1 .4 mmol), 3-hydroxy-2-methoxybenzaldehyde 
(0.21 g, 1.4 mmol) and cesium carbonate (0.45 g, 1.4 mmol) were heated with stirring in 
dry DMF (4 mL) at 50 °C for 1 8 h. The reaction mixture was cooled, poured into 0. IN 
30 sodium hydroxide solution and extracted with diethyl ether. The ether layer was separated, 
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washed with 0: IN sodium hydroxide solution (2x), water (3x), brine (1 x), and dried over 
MgS0 4 . After filtration, the solvent was removed in vacuo, and purified by 

chromatography to yield 3-fluoro-2-(3-formyl-2-methoxyphenoxy)-4-methylbenzonitriIe 
(0. 1 2 g, 3 1 %) as a colourless glass. 

MS (APCI+) 286 [M+l] + . 

'h-NMR (300 MHz, CDCI3): 8 10.45 (1H, s), 7.61 (1H, br d), 7.40 (1H, br d), 7.19-7.06 
(2H, m), 6.95 (1H, br d), 4.12 (3H, s), 2.37 (3H, d). 

c) 3-Fluoro-2-(2-methoxv-3-( , meth v laminomethvnDhenoxvV4-methvl-benzonitrile 
fumarate 



3-Fluoro-2-(3-formyl-2-methoxyphenoxy)-4-methylbenzonitrile (0.10 g, 0.35 mmol), 
methylamine (33% in ethanol, 0.5 mL, 4.0 mmol) and sodium cyanoborohydride (30 mg, 
0.48 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (25 
is mL) for 67 h. The solvent was removed in vacuo. The residue was treated with 1 0% 
sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated and fumaric acid (41 mg, 0.35 mmol) was added. After the solvent was removed 
in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration, and 

dried to give 3-fluoro-2-(2-methoxy-3-(methylaminomethyl)phenoxy)-4-methyl- 
20 benzonitrile fumarate (83 mg, 57%) as a white solid. 

MS(APCI+)301 [M+l] + . 

! H-NMR (300 MHz, d 6 -DMSO): 5 7.72 (1H, d), 7.43 (1H, t), 7.26 (1H, d), 7.13 (1H, t), 
6.82 (lH,d), 6.66 (2H, s), 4.23 (2H, s), 4.00 (3H, s), 2.64 (3H, s), 2.38 (3H, s). . 



25 



Example 37 

2-(2-Methoxy-3-methylaminomethvl-phenoxvV6- methvl-nicnrinonitrile fumarate 
30 a) 2-(3-Formvl-2-methoxv-phenox y)-6-methvl-nicotinonitrilft 
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2-Chloro-6-methylnicotinonitrile (0.25 g, 1.6 mmol), 3-hydroxy-2-methoxybenzaldehyde 
(0.25 g, 1 .6 mmol) and potassium fluoride (0.29 g, 4.9 mmol) were heated with stirring in 
dry DMF (4 mL) at 120 °C for 5 h. The reaction mixture was cooled, poured into IN 
sodium hydroxide solution and extracted with ethyl acetate. The ethyl acetate layer was 
5 separated, washed with IN sodium hydroxide solution (2x), water (3x), brine (Ix), and 
dried over MgS0 4 . After filtration, the solvent was removed in vacuo to yield 2-(3-formyl- 
2-methoxy-phenoxy)-6-methyl-rucotinonitrile (0.30 g, 68%) as a yellow solid. 

MS(APCI+)269[M+1] + . 
io l H-NMR (300 MHz, CDC1 3 ): 5 1 0.39 (1H, s), 7.89 (1H, d), 7.76 (1H, dd), 7.46 (1H, dd), 
7.28-7.20 (1H, m), 6.97 (1H, d), 3.97 (3H, s), 2.38 (3H, s). 

b) 2-»(2»Methoxv-3'methvlaminomethyl-phenoxv > )-6-methvl-nicotinonitrile fumarate 
2-(3-Formyl-2-methoxy-phenoxy)-6-methyl-nicotinonitrile (0.30 g, 1.1 mmol), 

is methylamine (2M in methanol, 3.0 mL, 6.0 mmol) and sodium cyanoborohydride (90 mg, 
1 .4 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (50 
mL) for 20 h. The solvent was removed in vacuo. The residue was treated with 10% 
sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated and fumaric acid (0.13 g, 1.1 mmol) was added. After the solvent was removed 

20 in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration, and 
dried to give 2-(2-methoxy-3-methylaminomethyl-phenoxy)-6-methyl-nicotinonitrile 
fumarate (180 mg, 40%) as an off-white solid. 

MS (APCI+) 284 [M+1]V 
25 'h-NMR (300 MHz, d 6 -DMSO); 5 8.28 (1H, d), 7.36 (1H, dd), 7.26-7.15 (3H, m), 6.48 
(2H, s), 3.88 (2H, s), 3.72 (3H, s), 2.40 (3H, s), 2.32 (3H, s). 

Example 38 

30 6-Ethvl-2-(2-methoxv-3-methylaminomethvl-phenoxv)-nicotinonitrile difumarate 
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— 6-Ethvl-2-r 3-formvl-2-methoxv-phenoxv)-nicotinonitrile 

2-Chloro-6-ethyInicotinonitrile (0.27 g, 1 .6 mmol), 3-hydroxy-2-methoxybenzaldehyde 

(0.25 g, 1 .6 mmol) and potassium fluoride (0.29 g, 4.9 mmol) were heated with stirring in 

dry DMF (4 mL) at 1 20 °C for 6 h, then at 80 °C for 1 6 h. The reaction mixture was 

cooled, poured into IN sodium hydroxide solution and extracted with ethyl acetate. The 

ethyl acetate layer was separated, washed with IN sodium hydroxide solution (3x), water 

(4x), brine (lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo 

to yield 6-ethyl-2-(3-formyl-2-methoxy-phenoxy)-nicotinonitrile (0.28 g, 61%) as a yellow 
oil. 

MS (APCI+) 283 [M+l] + . 

'h-NMR (300 MHz, CDCI3): 5 10.40 (1H, s), 7.91 (1H, d), 7.76 (1H, dd), 7.46 (1H, dd), 
7.27-7.20 (1H, m), 6.97 (1H, d), 3.98 (3H, s), 2.65 (2H, q), 1.10 (3H, t). 

b) 6-Ethyl-2-(2-methoxv-3-meth v laminomethvl-phenoxv')-nicotinonitrile difumarate 
6-Ethyl-2-(3-formyl-2-methoxy-phenoxy)-nicotinonitrile (0.28 g, 1.0 mmol), methylamine 
(33% in ethanol, 0.8 mL, 6.4 mmol) and sodium cyanoborohydride (80 mg, 1.3 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (60 mL) for 16 
h. The solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 
acid (0. 1 2 g, 1 .0 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 

6-ethyl-2-(2-methoxy-3-methylaminomethyl-phenoxy)-nicotinonitrile difumarate (166 mg, 
32%) as a beige solid. 

MS (APCI+) 298 [M+l] + . 

'h-NMR (300 MHz, d 6 -DMSO): 5 8.30 (1H, d), 7.36 (1H, br d), 7.26-7.15 (3H, m), 6.47 
(4H, s), 3.87 (2H, s), 3.71 (3H, s), 2.59 (2H, q), 2.38 (3H, s), 1.02 (3H, t). 
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Example 39 

4-Methvl"2-(3-methylaminomethvI'phenoxv)-benzonitrile fumarate 

5 

a) 2-f3-Formvl-phenoxvV4-methyl-benzonitrile 

4-Methyl-2-nitrobenzonitrile (0.50 g, 3.1 mmol), 3-hydroxybenzaldehyde (0.38 g, 3.1 
mmol) and cesium carbonate (1.00 g, 3.1 mmol) were heated with stirring in dry 
DMF (5 mL) at 80 °C for 28 h. The reaction mixture was cooled, poured into water and 
10 extracted with ethyl acetate. The ethyl acetate layer was separated, washed with 0.1N 
sodium hydroxide solution (3x), water (lx), brine (lx), and dried over MgSC>4. After 
filtration, the solvent was removed in vacuo to yield 2-(3-formyl-phenoxy)-4-methyl- 
benzonitrile (0.26 g, 36%) as a brown resin, and was carried forward without further 
purification. 

15 

MS (APCI+) 233 [M+l] + 

*H-NMR (300 MHz, CDC1 3 ): 5 10.00 (1H, s), 7.71 (1H, br d), 7.62-7.55 (2H, m), 7.53- 
7.49 (1H, m), 7.36 (1H, br dd), 7.03 (1H, br d), 6.74 (1H, br s), 2.35 (3H, s). 

20 b) 4~Methvl-2-(3-methvlaminomethvl-phenoxy)-benzonitrile fumarate 

2-(3-Formyl-phenoxy)-4-methyl-ben2onitrile (0.26 g, 1.1 mmol), methylamine (2M in 
methanol, 2.5 mL, 5.0 mmol) and sodium cyanoborohydride (80 mg, 1 .3 mmol) were 
stirred at ambient temperature in a 1% acetic acid/methanol solution (30 mL) for 18 h. The 
solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 

25 solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 
acid (0.12 g, 1.1 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 
4-methyl-2-(3-methylaminomethyl-phenoxy)-benzonitrile fumarate (78 mg, 20%) as a tan 
solid. 

30 
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MS (APCI+) 253 [M+ 1 ] + . 

*H-NMR (300 MHz, dfi-DMSO): 5 7.89 (1H, d), 7.44 (1H, t), 7.30-7.03 (4H, m), 6.81 (1H, 
br s), 6.44 (2H, s), 3.86 (2H, s), 2.36 (3H, s), 2.31 (3H, s). 

$ Example 40 

6-Methvl-2-n-methvla minomethvl-Dhenoxv)-nicotinonitrile fumaratp 

a) 2-(3-F omivl-phenoxv)-6-methvl-nicotinonitrile 

10 2-Chloro-6-methylnicotinonitrile (0.50 g, 3.3 mmol), 3-hydroxybenzaldehyde (0.40 g, 3.3 
mmol) and potassium fluoride (0.57 g, 9.8 mmol) were heated with stirring in dry 
DMF (5 mL) at 1 20 °C for 7 h. The reaction mixture was cooled, poured into water and 
extracted with ethyl acetate. The ethyl acetate layer was separated, washed with IN sodium 
hydroxide solution (4x), water (4x), brine (lx), and dried over MgS0 4 . After filtration, the 

is solvent was removed in vacuo to yield 2-(3-formyl-phenoxy)-6-methyl-nicotinonitrile 
(0.77 g, 97%) as a yellow solid. 

MS (APCI+) 239 [M+l] + . 

'H-NMR (300 MHz, CDC1 3 ): 5 10.03 (1H, s), 7.89 (1H, d), 7.77 (1H, br d), 7.72 (1H, br 
20 d), 7.59 (lH,dd), 7.47 (lH,brd), 6.98 (lH,d), 2.41 (3H,s). 

b) 6-Methvl-2-f3-methvlaminom ethvl-phenoxv)-nicotinonitrilefumarate 
2-(3-Formyl-phenoxy)-6-methyl-nicotinonitrile (0.77 g, 3.2 mmol), methylamine (2M in 
methanol, 7.0 mL, 14 mmol) and sodium cyanoborohydride (250 mg, 4.0 mmol) were 
25 stirred at ambient temperature in a 1 % acetic acid/methanol solution ( 1 00 mL) for 20 h. 
The solvent was removed in vacuo. The residue was treated with 1 0% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 
acid (0.36 g, 3.1 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with ethyl acetate overnight, collected by filtration, and dried to give 
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6-methyl-2-(3-methylaminomethyl-phenoxy)-nicotinonitrile fumarate (650 rng, 55%) as an 
off-white solid. 

MS(APCI+)255 [M+1] + 
5 *H-NMR (300 MHz, do-DMSO): 5 8.27 (1H, d), 7.44 (1H, br t), 7.30 (1H, br s), 7.19 (1H, 
br d), 6.47 (2H, s), 3.92 (2H, s), 2.40 (3H, s), 2.35 (3H, s). 

Example 41 

io 4-Chloro-2-(5-rnethvlamino-5,6,7,8-tetrahvdronaphthalen- 1 -yloxvVbenzonitrile fumarate 

a) 4-Chloro-2-(5-oxo-5,6,7,8-tetrahydronaphthalen- 1 -yloxy)benzonitrile 
4-Chloro-2-fluorobenzonitrile (0.30 g, 1.9 mmol), 5-hydroxy-3,4-dihydro-2//-naphthalen- 
1-one (0.31 g, 1.9 mmol) and cesium carbonate (0.63 g, 1.9 mmol) were heated with 

15 stirring in dry DMF (4 raL) at 50 °C for 18 h. The reaction mixture was cooled, poured into 
0.1N sodium hydroxide solution and extracted with ethyl acetate. The ethyl acetate layer 
was separated, washed with 0.1N sodium hydroxide solution (lx), water (3x), brine (lx), 
and dried over MgS0 4 . After filtration, the solvent was removed in vacuo to give an amber 
oil (0.61 g), which was purified by chromatography to yield 4-chloro-2-(5-oxo-5,6,7,8- 

20 tetrahydronaphthalen- 1 -yloxy)benzonitrile (0.22 g, 39%) as a white solid. 

MS (APCI+) 298/300 [M+l] + . 

*H-NMR (300 MHz, CDC1 3 ): 5 8.01 (1H, d), 7.62 (1H, d), 7.40 (1H, dd), 7.23 (1H, br d), 
7.14 (1H, dd), 6.69 (1H, br d), 2.87 (2H, t), 2.68 (2H, t), 2.19-2.09 (2H, m). 

25 

b) 4-Chloro-2'(5-methylamino-5,6,7,8-tetrah vdronaphthalen- 1 -vloxvVbenzonitrile 
fumarate 

4-Chloro-2-(5-oxo-5,6,7,8-tetrahydronaphthalen-l-yloxy)benzonitrile (0.22 g, 0.74 mmol), 
methylamine (33% in ethanol, 0.7 mL, 5.6 mmol) and sodium cyanoborohydride (60 mg, 
30 0.81 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (40 
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mL) for 6 days. The solvent was removed in vacuo. The residue was treated with 10% 
sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated and fumaric acid (70 mg, 0.60 mmol) was added. After the solvent was removed 
in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration, and 
dried to give 4-chloro-2-(5-methylamino-5,6,7,8-tetrahydronaphthaIen- 1 - 
yloxy)benzonitrile fumarate (134 mg, 42%) as a white solid. 

MS (APCI+) 313/315 [M+l] + . 

'h-NMR (300 MHz, d 6 -DMSO / d-TFA): 5 7.97 (1H, d), 7.49 (1H, d), 7.45-7.35 (2H, m), 
7.21 (1H, d), 6.80 (2H, br d), 6.65 (2H, s), 4.53-4.47 (1H, m), 2.66 (3H, s), 2.75-2.55 (2H, 
m), 2.42-2.35 (2H, m), 2.15-1.95 (2H, m). 

Example 42 

4-Chloro-2-(l -methvlaminoindan-4-vloxy)benzonitrile fumarate 
a) 4-Chloro-2-( 1 -oxoindan-4-vloxv)benzonitrile 

4-Chloro-2-fluorobenzonitrile (0.30 g, 1.9 mmol), 4-hydroxyindan-l -one (0.29 g, 1.9 
mmol) and cesium carbonate (0.63 g, 1 .9 mmol) were heated with stirring in dry 
DMF (4 mL) at 50 °C for 18 h. The reaction mixture was cooled, poured into 0.1N sodium 
hydroxide solution and extracted with ethyl acetate. The ethyl acetate layer was separated, 
washed with 0.1N sodium hydroxide solution (lx), water (3x), brine (lx), and dried over 
MgSO,*. After filtration, the solvent was removed in vacuo to give a brown oil (0.27 g), 
which was purified by chromatography to yield 4-chloro-2-( 1 -oxoindan-4- 
yloxy)benzonitrile (0.15 g, 27%) as a white solid. 

MS (APCI+) 284/286 [M+ 1 ] + . 

'h-NMR (300 MHz, CDCI3): 5 7.70 (1H, d), 7.63 (1H, d), 7.47 (1H, dd), 7.27 (1H, d), 
7.18 (1H, dd), 6.81 (1H, d), 3.08-3.01 (2H, m), 2.76-2.70 (2H, m). 
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bV 4-Chlord-2-( l-methvIaminoindah-4-yloxv > )ben26nitrile fiimarate 
4-Chloro-2-(l -oxoindan-4-yloxy)benzonitrile (0. 1 2 g, 0.42 mmol), methylamine (33% in 
ethanol, 1 .0 mL, 8.0 mmol) and sodium cyanoborohydride (100 mg, 0.86 mmol) were 
stirred at ambient temperature in a solution of glacial acetic acid (1.0 mL) in methanol (30 
s mL) for 5 days. The solvent was removed in vacuo. The residue was treated with 10% 
sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was 
separated and fumaric acid (40 mg, 0.34 mmol) was added. After the solvent was removed 
in vacuo, the residue was triturated with ethyl acetate overnight, collected by filtration, and 
dried to give 4-chloro-2-(l-methylaminoindan-4-yloxy)benzonitrile fiimarate (111 mg, 
io 63%) as a white solid. 

MS (APCI+) 299/301 [M+l] + . 

! H-NMR (300 MHz, d 6 -DMSO / d-TFA): 5 7.97 (1 H, d), 7.56 (1H, d), 7.46 (1H, dd), 7.40 
(1H, dd), 7.22 (1H, d), 6.89 (1H, br d), 6.65 (2H, s), 4.87-4.78 (1H, m), 3.03-2.89 (1H, m), 
is 2.84-2.72 (1H, m), 2.64 (3H, s), 2.57-2.43 (1H, m), 2.27-2.13 (1H, m). 

Example 43 

r2-Methoxv-3'(5-methvl-2-nitrophenoxv)benzvnmethylamine fiimarate 

20 

a) 2-Methoxv-3-(5-methvI-2-nitrophenoxv)benzaldehvde 

2-Fluoro-4-methyl-l -nitrobenzene (0.25 g, 1.6 mmol), 3-hydroxy~2-methoxybenzaldehyde 
(0.25 g, 1 .6 mmol) and cesium carbonate (0.54 g, 1 .6 mmol) were heated with stirring in 
dry DMF (4 mL) at 50 °C for 20 h. The reaction mixture was cooled, poured into 0.1N 
25 sodium hydroxide solution and extracted with diethyl ether. The ether layer was separated, 
washed with 0.1N sodium hydroxide solution (4x), water (4x), brine (lx), and dried over 
MgSQ*. After filtration, the solvent was removed in vacuo to give 

2-methoxy-3-(5-methyl-2-nitrophenoxy)benzaldehyde (0.36 g, 77%) as a brown oil, which 
was used without further purification. 
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'h-NMR (300 MHz, CDC1 3 ): 5 10.43 (1H, s), 7.94 (1H, d), 7.71 (1H, dd), 7.24-6.95 (3H, 
m), 6.66 ( 1 H, br s), 4.04 (3H, s), 2.34 (3H, s). 

fe) — r2-Methoxv-3-(5-meth vl-2-nitrophenoxv^benyynmethvlamine fumarate 
5 2-Methoxy-3-(5-methyl-2-nitrophenoxy)benzaldehyde (0.36 g, 1 .3 mmol), methylamine 
(2M in methanol, 3.0 mL, 6.0 mmol) and sodium cyanoborohydride ( 1 00 mg, 1 .6 mmol) 
were stirred at ambient temperature in a 1% acetic acid/methanol solution (50 mL) for 18 
h. The solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and fumaric 
10 acid (0. 14 g, 1 .2 mmol) was added. After the solvent was removed in vacuo, the residue 
was triturated with hot methanol and allowed to cool overnight. The filtrate was collected, 
the solvent removed in vacuo. The residue was triturated with ethyl acetate overnight, 
collected by filtration, and dried to give [2-methoxy-3-(5-methyl-2- 
nitrophenoxy)benzyl]methylamine fumarate (1 95 mg, 38%) as a beige solid. 

15 

MS (APCI+) 303 [M+l] + . 

'H-NMR (300 MHz, d 6 -DMSO): 5 7.98 (1H, d), 7.33 (1H, d), 7.20-7.10 (2H, m), 7.03 
(1H, dd), 6.75 (1H, br s), 6.48 (2H, s), 3.90 (2H, s), 3.78 (3H, s), 2.42 (3H, s), 2.30 (3H, s). 

20 Example 44 

4-GhJoro-2-B-dimethvlaminomet hvl-2-ethvlphenoxv'>benzonitrile fumarate 

a) (2-Et hvl-3-methoxvbenzvndimethvlamine 

25 (3-Methoxybenzyl)dimethylamine (2.03 mL, 2.00 g, 12.1 mmol) was dissolved in 
anhydrous THF (20 mL) under nitrogen and cooled to 0 °C with an ice-water bath. 
Butyllithium (2.5M in hexanes, 5.3 mL, 13.3 mmol) was added dropwise via syringe over 
10 min (temperature kept below 5 °C). After stirring at 0 °C for 2 h, iodoethane (1.1 mL, 
2.1 g, 13.8 mmol) was added dropwise via syringe over 25 min (temperature kept below 5 

30 °C). The reaction mixture was allowed to reach ambient temperature. After 4 h, the 
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reaction contents were transferred with diethyl ether and adsorbed onto silica gel (3.8 g) 
upon removal of the solvent in vacuo. Chromatography gave (2-ethyl-3- 
methoxybenzyl)dimethylamine (1.30 g, 56%) as a pale yellow solid. 

MS(APCK) 194 [M+l] + . 

! H-NMR (300 MHz, CDC1 3 ): 5 7.1 1 (1H, dd), 6.92 (1H, d), 6.78 (1H, d), 3.82 (3H, s), 
3.39 (2H, s), 2.75 (2H, q), 2.24 (6H, s), 1.10 (3H, t). 

b) 3-Dimethvlaminomethvl-2-ethylphenol hydrobromide 

(2-Ethyl-3-methoxybenzyl)dimethylamine (1.30 g, 6.73 mmol) was suspended in 30% 
hydrogen bromide / acetic acid (10 mL) and heated to reflux with stirring for 21 h. The 
cooled reaction mixture was triturated and decanted with successive portions of diethyl 
ether (3x), then triturated with diethyl ether overnight. The solid was collected by filtration, 
washed with ether and dried to give 3-dimethylaminomethyl-2-ethylphenol hydrobromide 
(1 .37 g, 78%) as a tan solid. 

MS(APCI+) 180 [M+l]*. 

*H-NMR (300 MHz, d 6 -DMSO): 5 9.56 (1H, s), 9.30 (1H, br s), 7.10 (1H, dd), 6.93 (1H, 
d), 6.89 (1H, d), 4.27 (2H, d), 2.77 (6H, d), 2.67 (2H, q), 1 .04 (3H, t). 

c) 4-Chloro-2-(3-dimethvlaminomethvl-2-ethvlphenoxv)benzonitrile fumarate 
4-Chloro-2-fluorobenzonitrile (0.82 g, 5.27 mmol), 3-dimethylaminomethyl-2-ethylphenol 
hydrobromide (1 .37 g, 5.27 mmol) and cesium carbonate (3.43 g, 10.5 mmol) were heated 
with stirring in dry DMF (8 mL) at 50 °C for 4 h. The reaction mixture was cooled, pbured 
into 0.1N sodium hydroxide solution and extracted with diethyl ether. The ether layer was 
separated, washed with IN sodium hydroxide solution (2x), water (3x), brine (lx), and 
dried over MgSC>4. After filtration, the solvent was removed in vacuo to give a yellow oil 
(1 .86 g), which was purified by chromatography to yield 4-chloro-2-(3- 
dimethylaminomethyl-2-ethylphenoxy)benzonitrile (1.29 g, 78%) as a pale yellow oil. A 
small portion (98 mg) was converted into the fumarate salt (80 mg, 60%). 
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MS(APCI+)315[M+1] + . 

'H-NMR (300 MHz, ds-DMSO): 5 7.96 (1H, d), 735 (1H, dd), 7.32-7.23 (2H, m), 7.06 
(1H, dd), 6.76 (1H, d), 6.62 (2H, s), 3.49 (2H, s), 2.64 (2H, q), 2.21 (6H, s), 1.08 (3H, t). 

5 

Example 45 

2-(3-Ajninomethvl-2-ethvl-ph enoxvV4-chloro-benzon itrilehemifumaratft 

10 3) — 4-Chloro-2 -(3-chloromethvl-2-ethvl-DhenoxvVbenzonitri1e 

4-Chloro-2-(3-dimethylaminomethyl-2-ethylphenoxy)benzonitrile (1.18 g, 3.75 mmol) was 
dissolved in dry toluene (20 mL) and cooled to 0 °C with an ice-water bath. Ethyl 
chloroformate (1 .08 mL, 1 .22 g, 1 1 .2 mmol) was added dropwise with stirring over 5 min 
(a white precipitate formed). The reaction mixture was allowed to reach ambient 
temperature, stirred for 19 h, poured into water, and extracted with diethyl ether. The ether 
layer was washed with water (2x), brine (lx), and dried over MgS0 4 . After filtration, the 
solvent was removed in vacuo to give a pale yellow oil (0.89 g), which was purified by 
chromatography to give 4-chloro-2-(3-chloromethyl-2-ethyl-phenoxy)-benzonitrile (0.71 g, 
62%) as a colourless oil which later solidified. 



15 



20 



25 



30 



'H-NMR (300 MHz, d 6 -DMSO): 5 7.98 (1H, d), 7.43-7.30 (3H, m), 7.14 (1H, d), 6.83 
(lH,d), 4.87 (2H,s), 2.68 (2H,q), 1.15 (3H,t). 

b) 2-(3-Aminomethvl-2-ethvI-Dhe noxv')-4-chlnro-benzonitrilehemifumarate 
To a solution of 4-chloro-2-(3-chloromethyl-2-ethyl-phenoxy)-benzonitrile (0.16 g, 0.53 
mmol) in methanol (10 mL) was added ammonia (7N in methanol, 15 mL, 105 mmol), and 
the reaction mixture stirred for 4 days at ambient temperature. The solvent was removed in 
vacuo. The residue was treated with 10% sodium carbonate solution and extracted with 
ethyl acetate. The ethyl acetate layer was separated and a solution of fumaric acid (60 mg, 
0.52 mmol) in methanol (3 mL) was added. After the solvent was removed in vacuo, the 
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residue was triturated with diethyl ether overnight, collected by filtration, and dried to give 
2-(3-aminomethyl-2-ethyl-phenoxy)-4-chloro-benzonitrile hemifumarate (174 mg, 83%) as 
a white solid. 

MS (APCI+) 287/289 [M+l] + . 

'h-NMR (300 MHz, d 6 -DMSO): 5 8.24 (2H, br s), 7.99 (1H, d), 7.47-7.33 (3H, m), 7.19 
(1H, br d), 6.76 (1H, s), 6.63 (1H, s), 4.14 (2H, br s), 2.62 (2H, q), 1.08 (3H, t). 

Example 46 

4-Chloro-2'(2-ethvl-3-methvlaminornethvl-phenoxvVbenzonitrile fumarate 



To a solution of 4-chloro-2-(3-chloromethyl-2-ethyl-phenoxy)-benzonitrile (0.39 g, 1.3 
mmol) in ethanol (20 mL) was added methylamine (33% in ethanol, 5.0 mL, 40 mmol), 

is and the reaction mixture stirred for 24 h at ambient temperature. The solvent was removed 
in vacuo. The residue was treated with 10% sodium carbonate solution and extracted with 
ethyl acetate. The ethyl acetate layer was separated and a solution of fumaric acid (148 mg, 
1 .3 mmol) in methanol (5 mL) was added. After the solvent was removed in vacuo, the 
residue was triturated with diethyl ether overnight, collected by filtration, and dried to give 

20 4-chloro-2-(2-ethyl-3-methylaminomethyl-phenoxy)-benzonitrile fumarate (455 mg, 86%) 
as a white solid. 

MS (APCI+) 301/303 [M+l] + . 

] H-NMR (300 MHz, d 6 -DMSO): 8 7.98 (1H, d), 7.43-7.30 (3H, m), 7.12 (1H, d), 6.76 
25 (1H, d), 6.51 (2H, s), 3.97 (2H, s), 2.62 (2H, q), 2.50 (3H, s), 1.07 (3H, t). 

Example 47 

4-Chloro-2-(3-dimethvlaminomethyl-2-propvlphenoxvVbenzonitrile fumarate 

30 
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a) f3-Meth6xv-2-propvlbenzvlVdimethylamine 

(3-Methoxybenzyl)dimethylamine (2.03 mL, 2.00 g, 12.1 .mmol) was dissolved in 
anhydrous THF (20 mL) under nitrogen and cooled to 0 °C with an ice-water bath. 
Butyllithium (2.5M in hexanes, 5.1 mL, 12.7 mmol) was added dropwise via syringe over 
s 20 min (temperature kept below 5 °C). After stirring at 0 °C for 2 h, 1 -iodopropane (1.25 
mL, 2.18 g, 12.8 mmol) was added dropwise via syringe over 15 min (temperature kept 
below 5 °C). The reaction mixture was allowed to reach ambient temperature. After 23 h, 
water (-10 mL) was added, and the organic solvent was removed in vacuo. The residue 
was extracted with diethyl ether, washed with water (2x), brine (lx) and dried over 
10 MgS0 4 . After filtration, the solvent was removed in vacuo to give a colourless oil (2.25 g), 
which was purified by chromatography to give (3-methoxy-2-propylbenzyl)- 
dimethylamine ( 1 .52 g, 62%) as a colourless oil. 

MS (APCI+) 208 [M+l] + . 
.5 'H-NMR (300 MHz, CDC1 3 ): 5 7.10 (1H, dd), 6.92 (1H, d), 6.77 (1H, d), 3.80 (3H, s), 
3.38 (2H, s), 2.73-2,64 (2H, m), 2.23 (6H, s), 1 .58-1 .43 (2H, m), 0.97 (3H, t). 

k) 3-Dimethvlaminomethvl-2-propvlphenol hvdrobromide 

(3-Methoxy-2-propylbenzyl)-dimethylamine (1.51 g, 7.28 mmol) was suspended in 30% 
20 hydrogen bromide / acetic acid (10 mL) and heated to reflux with stirring for 20 h. The 
cooled reaction mixture was triturated and decanted with successive portions of diethyl 
ether (4x), then triturated with diethyl ether overnight. The solid was collected by filtration, 
washed with ether and dried to give 3-dimethylaminomethyl-2-propylphenol hydrobromide 
(1.58 g, 79%) as a tan solid. 

25 

MS (APCI+) 194 [M+l] + . 

'H-NMR (300 MHz, CDCI3): 8 9.54 (1H, s), 9.28 (1H, br s), 7.10 (1H, dd), 6.94 (1H, d), 
6.89 (1H, d), 4.27 (2H, d), 2.77 (6H, d), 2.66-2.57 (2H, m), 1.51-1.35 (2H, m), 0.93 (3H, t). 

30 c) 4-Chloro-2-(3-dimethvlaminom ethvl-2-propvlphenoxv)-henzonitrilefiim a r a t ( > 
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4-Chl6ro-2-flubrobenzonitrile (0.90 g, 5.8 mmol), 3-dimethylaminomethyl-2-propylphenol 
hydrobromide (1 .58 g, 5.8 mmol) and cesium carbonate (3.94 g, 12. 1 mmol) were heated 
with stirring in dry DMF (6 mL) at 50 °C for 18 h. The reaction mixture was cooled, 
poured into 0. 1 N sodium hydroxide solution and extracted with diethyl ether. The ether 
layer was separated, washed with IN sodium hydroxide solution (lx), water (2x), brine 
(lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo to give a 
yellow oil ( 1 .77 g), which was purified by chromatography to yield 4-chloro-2-(3- 
dimethylaminomethyl-2-propylphenoxy)-benzonitrile (1.53 g, 81%) as a pale yellow oil. A 
small portion (100 mg) was converted into the fumarate salt (63 mg, 47%). 

MS (APCI+) 329/331 [M+l] + . 

*H-NMR (300 MHz, d 6 -DMSO): 5 7.96 (1H, d), 7.35 (1H, br dd), 7.31-7.24 (2H, m), 7.07 
(1H, dd), 6.74 (1H, br d), 6.62 (2H, s), 3.49 (2H, s), 2.62-2.53 (2H, m), 2.22 (6H, s), 1.56- 
1.41 (2H, m), 0.89 (3H, t). 

Example 48 

2-(3-Aminomethvl-2-Dropvl-phenoxv)-4-chloro-benzonitrile hemifumarate 
a) 4-Chloro-2-(3-chloromethvl-2'propvlphenoxv)-benzonitrile 

4-Chloro-2-(3-dimethylaminomethyl-2-propylphenoxy)-benzonitrile (1.40 g, 4.26 mmol) 
was dissolved in dry toluene (20 mL) and cooled to 0 °C with an ice-water bath. Ethyl 
chloro formate (1.25 mL, 1.42 g, 13.1 mmol) was added dropwise with stirring over 5 min 
(a white precipitate formed). The reaction mixture was allowed to reach ambient 
temperature, stirred 1 8 h, poured into water, and extracted with diethyl ether. The ether 
layer was washed with water (2x), brine (lx), and dried over MgS04- After filtration, the 
solvent was removed in vacuo to give a pale yellow oil (1 .05 g), which was purified by 
chromatography to give 4-chloro-2-(3-chloromethyl-2-propylphenoxy)-benzonitrile (0.83 
g, 6 1 %) as a white solid. 
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*H-NMR (300 MHz, CDC1 3 ): 5 7.60 (1H, d), 7.34-7,22 (2H, m), 7.1 1 (1H, dd), 6.97 (1H, 
dd), 6.74 (1H, d), 4.66 (2H, s), 2.70-2.62 (2H, m), 1.69-1.55 (2H, m), 0:99 (3H, t). 



fe) 2-(3-Arninomethvl-2-propvl-DhenoxvV4-chloro-benzonitrile hemifiimarate 

4-Chloro-2-(3-chloromethyl-2-propyIphenoxy)-benzonitrile (0.16 g, 0.50 mmol) in 
ammonia (7N in methanol, 25 mL, 175 mmol) was stirred for 65 h at ambient temperature. 
The solvent was removed in vacuo. The residue was treated with 10% sodium carbonate 
solution and extracted with ethyl acetate. The ethyl acetate layer was separated and a 
solution of fumaric acid (58 mg, 0.50 mmol) in methanol (3 mL) was added. After the 
solvent was removed in vacuo, the residue was triturated with diethyl ether overnight, 
collected by filtration, and dried to give 2-(3-aminomethyl-2-propyl-phenoxy)-4-chloro- 
benzonitrile hemifiimarate (200 mg, 96%) as a white solid. 

MS (APCI+) 301/303 [M+l] + . 
is *H-NMR (300 MHz, d 6 -DMSO): 5 8.23 (2H, br s), 7.99 (1H, d), 7.47-7.34 (3H, m), 7.21 
(1H, br d), 6.74 (1H, s), 6.63 (1H, s), 4.13 (2H, br s), 2.61-2.52 (2H, m), 1.55-1.40 (2H, 
m),0.9J (3H,t). 



10 



20 



Example 49 

4-Chloro-2-f3-meth vlaminomethvl-2-propvl-phenoxy)-benzonitrile fumarate 



To a solution of 4-chloro-2-(3-chloromethyl-2-propylphenoxy)-benzonitrile (0.35 g 5 1.1 
mmol) in ethanol (20 mL) was added methylamine (33% in ethanol, 9.0 mL, 72 mmol), 
25 and the reaction mixture stirred 1 8 h at ambient temperature. The solvent was removed in 
vacuo. The residue was treated with 10% sodium carbonate solution and extracted with 
ethyl acetate. The ethyl acetate layer was separated and a solution of fumaric acid (127 mg, 
1.1 mmol) in methanol (5 mL) was added. After the solvent was removed in vacuo, the 
residue was triturated with diethyl ether overnight, collected by filtration, and dried to give 
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4-chloror2-(3-methylaminomethyl-2-propy^ fumarate (354 mg, 

75%) as a white solid. 

MS (APCI+) 315/317 [M+l] + 
s ! H-NMR (300 MHz, c^-DMSO): 5 7.97 (1H, d), 7.43-7.29 (3H, m), 7.1 1 (1H, d), 6.73 
(1H, br s), 6.50 (2H, s), 3.91 (2H, s), 2.60-2.51 (2H, m), 2.46 (3H, s), 1.54-1.39 (2H, m), 
0.89 (3H,t). 

Example 50 

10 

2-(2-Allvl-4-methvlaminomethvl-phenoxv)-4-chlorobenzonitriIe fumarate 

a) 3-Allyl-4-hvdroxYbenzaldehyde 

4-Allyloxybenzaldehyde (1.16 g, 7.15 mmol) in dry DMF (3 mL) was stirred at 170 °C for 
15 30 h. The reaction mixture was cooled, poured into water and extracted with ethyl acetate. 
The ethyl acetate layer was extracted with IN sodium hydroxide solution (2x). The basic 
extracts were combined and acidified by addition of 3N hydrochloric acid, then extracted 
with ethyl acetate. The ethyl acetate layer was washed with water (2x), brine (Ix), and 
dried over MgS0 4 . After filtration, the solvent was removed in vacuo to yield 3-allyl-4- 
20 hydroxybenzaldehyde (0.34 g, 29%) as a yellow oil. 

MS (APCI+) 163 [M+l] + . 

*H-NMR (300 MHz, CDCI3): 6 9.85 (1H, s), 7.75-7.67 (2H, m), 6.95 (1H, d), 6.10-5.95 
(1H, m), 5.24-5.20 (1H, m), 5.19-5.14 (1H, m), 3.47 (2H, brd). 

25 

b) 2-(2-Allvl-4-formvl-phenoxv)-4-chlorobenzonitrile 

4-Chloro-2-fluorobenzonitrile (0.34 g, 2.2 mmol), 3-allyl-4-hydroxybenzaldehyde (0.34 g, 
2.1 mmol) and potassium fluoride (0.37 g, 6.3 mmol) were heated with stirring in dry 
DMF (4 mL) at 120 °C for 4 h. The reaction mixture was cooled, poured into 0. IN sodium 
30 hydroxide solution and extracted with ethyl acetate. The ethyl acetate layer was separated, 
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washed with 0.1N sodium hydroxide solution (3x), water (2x), brine (lx), and dried over 
MgS0 4 . After filtration, the solvent was removed in vacuo and the residue purified by 
chromatography to give 2-(2-allyl-4-formyl-phenoxy)-4-chlorobenzonitrile (0.09 g, 15%) 
as a colourless oil. 

5 

'h-NMR (300 MHz, CDC1 3 ): 5 10.00 (1H, s), 7.89 (IH, br d), 7.80 (1H, dd), 7.67-7.56 
(1H, m), 7.28 (iH, d), 7.05 (1H, d), 6.84 (1H, d), 6.04-5.88 (1H, m), 5.18-5.06 (2H, m), 
3.49 (2H,d). 

10 c ) 2-(2-Allvl- 4-methvlaminomethvl-phenoxvV4-chlorobenzonitrile fumarate 

2-(2-Allyl-4-formyl-phenoxy)-4-chlorobenzonitrile (0.09 g, 0.30 mmol), methylamine 
(33% in ethanol, 0.3 mL, 2.4 mmol) and sodium cyanoborohydride (40 mg, 0.64 mmol) 
were stirred at ambient temperature in a solution of glacial acetic acid (0.5 mL) in 
methanol (25 mL) for 20 h. The solvent was removed in vacuo. The residue was treated 

is with 10% sodium carbonate solution and extracted with ethyl acetate. The ethyl acetate 

layer was separated and ftimaric acid (36 mg, 0.30 mmol) was added. After the solvent was 
removed in vacuo, the residue was triturated with ethyl acetate overnight, collected by 
filtration, and dried to give 2-(2-allyl-4-methylaminomethyl-phenoxy)-4-chlorobenzonitrile 
fumarate ( 1 04 mg, 80%) as a white solid. 

20 

MS (APCI+) 313/315 [M+ 1 ] + : 

'H-NMR (300 MHz, d 6 -DMSO): 5 7.97 (IH, d), 7.52 (1H, s), 7.46 (1H, s), 7.38 (1H, d), 
7.23 (IH, d), 6.79 (1H, d), 6.65 (2H, s), 5.97-5.85 (IH, m), 5.08-5.02 (2H, m), 4.16 (2H, s), 
3.36 (2H, d), 2.60 (3H, s). 

25 

Example 51 

4'Chloro-2-(3-dimethvlaminomethvl-4-fluorophenoxv)benzonitrile 
30 a) (2-Fluoro-5-methoxvbenzvndimethvlamine 
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2-FIuoro-5-methoxybenzaldehyde (2.62 g, 17.0 mmol), dimethylamine (2M in methanol, 
17 mL, 34 mmol) and sodium cyanoborohydride ( 1 . 1 7 g, 18.7 mmol) were stirred at 
ambient temperature in a solution of glacial acetic acid (2 mL) in methanol (100 mL) for 
66 h. The solvent was removed in vacuo. The residue was treated with 10% sodium 
5 carbonate solution and extracted with ethyl acetate. The ethyl acetate layer was washed 
with water (2x), brine (Ix), and dried over MgSC>4. After filtration, the solvent was 
removed in vacuo to give (2-fluoro-5-methoxyben2yl)dimethylamine (3.02 g, 97%) as a 
yellow oil. 

10 MS(APCK) 184[M+I] + . 

'h-NMR (300 MHz, CDC1 3 ): 8 6.98-6.86 (2H, m), 6.78-6.71 (1H, m), 3.78 (3H, s), 3.46 
(2H, s), 2.27 (6H, s). 

b) 3-Dimethylaminomethyl-4-fluorophenol hydrobromide 
15 (2-Fluoro-5-methoxybenzyl)-dimethylamine (1 .5 1 g, 8.24 mmol) was heated to reflux in 
30% hydrogen bromide / acetic acid (10 mL) for 17 h. The cooled reaction mixture was 
triturated and decanted with successive portions of diethyl ether (4x), then triturated with 
diethyl ether overnight. The solid was collected by filtration, washed with ether and dried 
to give 3-dimethylaminomethyl-4-fluorophenol hydrobromide (1.43 g, 69%) as a tan solid. 

20 

MS (APCI+) 170 [M+1]~V 

l H-NMR (300 MHz, d 6 -DMSO): 5 9.68 (1H, s), 7.18-7.10 (1H, m), 6.98-6.93 (1H, m), 
6.92-6.85 (lH,m), 4.26 (2H,s), 2.76 (6H,s). 

25 c) 4-Chloro-2-(3-dimethylaminomethyl-4-fluorophenoxy)ben2onitrile 

4-Chloro-2-fluorobenzonitrile (0.48 g, 3.1 mmol), 3-dimethylaminomethyl-4-fluorophenol 
hydrobromide (0.74 g, 3.0 mmol) and cesium carbonate (2.02 g, 6.2 mmol) were heated 
with stirring in dry DMF (5 mL) at 50 °C for 18 h. The reaction mixture was cooled, 
poured into 0.1N sodium hydroxide solution and extracted with diethyl ether. The ether 

30 layer was separated, washed with IN sodium hydroxide solution (2x), water (2x), brine 
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(lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo to give a 
yellow oil (0.93 g), which was purified by chromatography to yield 4-chloro-2-(3- 
dimethylaminomethyl-4-fluorophenoxy)benzonitrile (0.68 g, 76%) as a pale yellow oil. 

MS (APCI+) 305/307 [M+l ] + . 

1 H-NMR (300 MHz, CDC1 3 ): 8 7.57 (1H, d), 7.21-7.07 (3H, m), 7.02-6.95 (1H, m), 6.75 
(1H, br s), 3.50 (2H, s), 2.28 (6H, s). 

Example 52 

4-Chloro >2-(4-fluoro-3-methvlaminomethyl-phenoxv)-benzonitrile fumarate 



a) 4-Chloro-2-(3>chloromethvl-4-fluorophenoxv)-benzonitrile 

4-Chloro-2-(3-dimethylaminomethyl-4-fluorophenoxy)benzonitrile (0.56 g, 1.8 mmol) was 
15 dissolved in dry toluene (12 mL) and cooled to 0 °C with an ice-water bath. Ethyl 

chloroformate (0.55 mL, 0.62 g, 5.8 mmol) was added dropwise with stirring over 5 min. 
The reaction mixture was allowed to reach ambient temperature, stirred 20 h, poured into 
water, and extracted with diethyl ether. The ether layer was washed with water (2x), brine 
(lx), and dried over MgS0 4 . After filtration, the solvent was removed in vacuo to give a : 
20 pale yellow oil (0.39 g), which was purified by chromatography to give 4-chloro-2-(3- 
chloromethyl-4-fluorophenoxy)-benzonitrile (0.14 g, 26%) as a white solid. 

! H-NMR (300 MHz, CDC1 3 ): 5 7.60 (1H, d), 7.24-7.12 (3H, m), 7.09-7.02 (1H, m), 6.80 
(1H, d), 4.63 (2H, s). 

25 

b) 4-Chl oro-2-(4-fluoro-3-methvlaminomethvl-DhenoxvVbenzonitrile fumarate 
To a solution of 4-chloro-2-(3-chloromethyl-4-fluorophenoxy)-benzonitrile (0. 14 g, 0.47 
mmol) in ethanol (15 mL) was added methylamine (33% in ethanol, 4.0 mL, 32 mmol), 
and the reaction mixture stirred for 10 days at ambient temperature. The solvent was 
30 removed in vacuo. The residue was treated with 10% sodium carbonate solution and 
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extracted with ethyl acetate; The ethyl acetate layer was separated and a solution of 
fumaric iacid (50 mg, 0.43 mmol) in methanol (3 mL) was added. After the solvent was 
removed in vacuo, the residue was triturated with diethyl ether overnight, collected by 
filtration, and dried to give 4-chloro-2-(4-fluoro-3-methylaminomethyl-phenoxy)- 
s benzonitrile fumarate (1 83 mg, 95%) as a white solid. 

MS (APCI+) 291/293 [M+l] + . 

*H-NMR (300 MHz, d 6 -DMSO): 5 7.95 (1H, d), 7.38 (1H, dd), 7.33-7.27 (2H, m), 7.23- 
7.15 (1H, m), 6.93 (1H, m), 6.45 (1H, s), 3.74 (2H, s), 2.29 (3H, s). 

10 

Example 53 

2-(2-Methoxv-3-methvlaminomethyl"phenoxv)-4-trifluoromethvl-benzonitrile fumarate 

is a) 2>(3-Formvl-2-methoxy-phenoxy)-4-trifluoromethvl-benzonitrile 

2-Fluoro-4-trifluoromethyl-benzonitrile (0.56 mL, 0.76 g, 4 mmol), 3-hydroxy-2- 
methoxybenzaldehyde (0.61 g, 4 mmol) and cesium carbonate (1.3 g, 4 mmol) were heated 
with stirring in dry DMF (4 mL) at 50 °C for 1 8 h. The reaction mixture was cooled, 
poured into water and extracted with ethyl acetate. The ethyl acetate layer was separated, 

20 washed with water (2x), 10% sodium carbonate solution (2x), water (lx), brine (Ix), and 
dried over MgSC>4. After filtration, the solvent was removed in vacuo to yield 2-(3-formylT 
2-methoxy-phenoxy)-4-trifluoromethyl-benzonitrile ( 1 . 1 7 g, 9 1 %) as a brown solid. 

*H-NMR (300 MHz, d 6 -DMSO): 5 10.30 (1H, s), 8.21 (1H, d), 7.63 (3H, m), 7.39 (1H, m), 
25 7.18 (1H, s), 3.93 (3H,s). 

b) 2-(2-Methoxv~3-methvlaminomethvl'phenoxvV4-trifluoromethvl-benzonitrile 
fumarate 

2 T (3-Formyl-2-methoxy-phenoxy)-4-trifluoromethyl-benzonitrile (0.46 g, 1 .43 mmol), 
30 methylamine (2M in methanol, 22.2 mL, 4.4 mmol) and sodium cyanoborohydride (0.13 g, 
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2.1 mmol) were stirred at ambient temperature in a 1% acetic acid/methanol solution (70 
mL) for 20 h. The solvent was removed in vacuo. The residue was treated with 1 0% 
sodium carbonate solution and extracted with ethyl acetate. Fumaric acid (0.15 g, 1.3 
mmol) was added to the separated ethyl acetate layer and the solvent removed in vacuo. 
The residue was triturated with diethyl ether overnight, filtered and dried to give 
2-(2-methoxyO-methylaminomethyl-pte fumarate 
(1 79 mg, 28%) as a white solid. 

MS(APCI+)337 [M+1] + . 

l H-NMR (300 MHz, c^-DMSO): 5 8.22 (1H, d), 7.67 (1H, d), 7.43 (1H, d), 7.28 (2H, m), 
6.97 (1H, s), 6.51 (2H, s), 3.93 (2H, s), 3.79 (3H, s), 2.42 (3H, s). 

Example 54 

2-(4-methylaminomethvl-3-phenvl~phenoxvV4>trifluoromethvKbenzonitrile fumarate 

a) 2-(3-Brom o-4>formvl-phenoxv)-4~trifluoromethvl-benzonitrile 

* 2-Fluoro-4.trifluoromethyl-benzoiiitrile (3.1 g, 20 mmol), 2-bromo-4- 
hydroxybenzaldehyde (4 g, 20 mmol) and potassium fluoride (3.47 g, 60 mmol) were 
heated with stirring in dry DMF (20 mL) at 120 °C for 4 h, 80 °C for 16 h, 120 °C for 4 h, 
130 °C for 1 h, and then at 140 °C for 16 h. The reaction mixture was cooled, poured onto 
IN sodium hydroxide, extracted with ethyl acetate, and then dried over MgS0 4 . After 
filtration, the solvent was removed in vacuo to yield 2-(3-bromo-4-formyl-phenoxy)-4- 
trifluoromethyl-benzonitrile (6.38 g, 96%) as a brown oil. 

fe) 2-(4-Form vl-3>phenvl-phenoxv > >-4-trifluoromethvl-benzonitrile * 

Under nitrogen, 2-(3-bromo-4-formyl-phenoxyH-trifluoromethyl-benzonitrile (0.87 g, 2.6 
mmol), phenylboronic acid (336 mg, 2.7 mmol), l,r-bis(diphenyl)phospino-ferrocene 
palladium (9 mg, 0.13 mmol) and sodium carbonate (331 mg, 3.1 mmol) in 
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dimethoxyethane:water:ethanol solution (7:3:2, 10 mL) was stirred at 60 °C for 6 h and 
then at 40 °C for 16 h. The mixture was then poured over water, extracted into ethyl 
acetate, and dried over MgSC>4. The crude material was chromatographed on an ISCO 
CombiFlash Chromatography System to yield 2-(4-formyl-2-methoxy-phenoxy)-4- 
5 trifluoromethyl-benzonitrite as a clear oil (1 17 mg, 14%). 

c) 2-f4-methvlaminomethvl-3~phenyl-phenoxv)-4-trifluoromethvl-benzonitrile fumarate 
2-(4-Formyl-3-phenyl-phenoxy)-4-trifluoromethyl-benzonitrile (0. 1 1 7 g, 0.35 mmol), 
methylamine (2M in methanol, 0.233 mL, 1.05 mmol) and sodium cyanoborohydride 

10 (0.025 g, 0.39 mmol) were stirred at ambient temperature in a 1 % acetic acid/methanol 
solution for 20 h. The solvent was removed in vacuo. The residue was treated with 10% 
sodium carbonate solution and extracted with ethyl acetate. Fumaric acid (0.032 g, 0.28 
mmol) was added to the separated ethyl acetate layer and the solvent removed in vacuo. 
The residue was triturated with ethyl acetate overnight, filtered and dried to give 

is 2-(4-methylaminomethyl-3-phenyl-phenoxy)-4-trifluoromethyl-benzonitrile fumarate (75 
mg, 61%) as a white solid. 

MS (APCI+) 350 [M+lf. 

*H-NMR (300 MHz, d 6 -DMSO): 5 7.67 (1H, d), 7.59 (2H, m), 7.51 (2H, m), 7.33 (3H,m), 
20 7.09 (lH,dd), 6.68 (2H,s), 6.62 (lH,d), 4.26 (2H,s), 2.77 (3H,s). 

Example 55 

4"ChlorO'2-(3-dimethvlaminomethvl-2-methvsulfanvl"phenoxvVbenzonitrile fumarate 

25 

a) (2-Methvlsulfanvl-3-methoxvbenzvl)-dimethvlamine 

Under a nitrogen atmosphere, 3-methoxy-N,N-dimethylbenzyl2imine (2.00 g, 12.1 mmol) 
was dissolved in anhydrous THF (20 mL) and cooled to 0 °C in an ice bath. 2.5M n-butyl 
lithium in hexanes (5.3 mL, 13.3 mmol) was added slowly, maintaining the temperature to 
30 below 5 °C. The reaction was stirred at 0 °C for 2 h, then dimethyldisulfide (1 .59 g, 13 
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mmol) was slowly added over 90 min, maintaining the temperature to below 5 °C. The 
reaction mixture was stirred for 1 7 h, during which time the temperature was allowed to 
reach room temperature. Water (20 mL) and diethyl ether (30 mL) were added and the 
organic layer was separated and dried with MgS0 4 . After filtration, the crude solution was 
s dissolved in ethyl acetate and absorbed in vacuo onto silica gel (1 .5 g). This material was 
chromatographed on an ISCO CombiFlash Chromatography System to yield 
(2-methylsulfanyl-3-methoxyben2yl)-dimethyl-amine as a yellow oil (1.47 g, 57%). 

MS(APCI+) 212 [M+l] + . 
io 'H-NMR (300MHz, CDC1 3 ): 5 7.25 (1H, dd), 7.05 (1H, d), 6.80 (1H, d), 3.91 (3H, s), 3.70 
(2H, s), 2.32 (3H, s), 2.26 (6H,s). 

b) 3-Dimethvlaminomethyl-2-methvlsulfanvl>phenol hvdrobromide 

30% Hydrogen bromide in acetic acid (7 mL, 34 mmol) was added to (2-methylsulfanyl- 
15 3-methoxybenzyl)-dimethylamine (1 .44 g, 6.8 mmol) arid heated with stirring at 100 °C. 
After 1 7 h, the reaction was complete by LC/MS analysis and was then allowed to cool to 
room temperature. Diethyl ether (100 mL) was added with stirring. After 20 min, the 
orange diethyl ether solution was decanted off. This was repeated until a tan solid 
precipitated. 3-Dimethylaminomethyl-2-methylsulfanyl-phenol hydrobromide (1.74 g, 
20 90%) was filtered off as a brown solid. 

MS (APCI+) 1 98 [M+l ] + . 

'h-NMR (300MHz, CDC1 3 ): 5 10.18 (1H, s), 9.16 (1H, s), 7^28 (1H, t), 7.03 (2H, m), 4.48 
(2H, d), 2.77 (6H, d), 2.30 (3H, s). 

25 

c) 4-Chloro>2>r3-dimethvlaminometh vl^2-methvsulfanvl-phenoxv)-benzonitrilefu^ 
4-Chloro-2-fluorobenzonitrile (0.974 g, 6.26 mmol), 3-dimethylaminomethyl-2- 
methylsulfanyl-phenol hydrobromide (1 .74 g, 6.26 mmol) and cesium carbonate (4.08 g, 
1 2.5 mmol) were heated with stiiring in dry DMF (4 mL) at 50 °C for 1 7 h. The reaction 

so was complete by LC/MS analysis. The reaction mixture was cooled, poured into water and 
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extracted with ethyl acetate. The ethyl acetate layer was separated, washed with water (lx), 
1 0% sodium carbonate solution (2x), water (2x), brine (lx), and dried over MgS0 4 . After 
filtration, the solvent was removed in vacuo to yield 4-chloro-2-(3-dimethylaminomethyI- 
2-methylsulfanyl -phenoxy)-benzonitrile (1.2 g, 58%) as a yellow oil. Fumaric acid (92 
5 mg, 03 mmol) in methanol (5 mL) was added to 4-chloro-2-(3-dimethylaminomethyl-2- 
ethylsulfanyl-phenoxy)-benzonitrile (91 mg, 0.26 mmol). The solvent was removed in 
vacuo and diethyl ether (20 mL) was added with stirring. After 17 h, 4-chloro-2-(3- 
dimethylaminomethyl-2-methysulfanyl-phenoxy)-benzonitrile fumarate (63.2 mg, 47%) 
was filtered off as a white solid. 

MS(APCI+)334[M+1] + . 

l H-NMR (300MHz, d 6 -DMSO): 5 7.95 (1H, d), 7.43 (2H, m), 7.36 (JH, dd), 7.23 (1H, 
dd), 6.67 (1H, d), 6.61 (2H, s), 3.71 (2H, s), 2.32 (3H, s), 2.23 (6H, s). 

Example 56 

4-Chloro-2-(3-aminomethvl-2-methysulfanvl-phenoxv)-benzonitrile fumarate 

a) 4-Chloro-2"(3-chloromethyl-2-methvsulfanyl-phenoxv)-benzonitrile 
Under a nitrogen atmosphere, 4-chloro-2-(3-dimethylaminomethyl-2-methysulfanyl - 
phenoxy):-benzoriitrile (1.02 g, 3.06 mmol) was dissolved in anhydrous toluene (10 mL). 
The solution was cooled to 0 °C and ethyl chloroformate (900 jiL, 9.2 mmol) was slowly 
added. The reaction mixture was stirred for 17 h, allowing it to reach room temperature. 
Water (5 mL) and diethyl ether (5mL) were added and the organic layer was separated and 
dried with MgS0 4 . After filtration, the solution was absorbed onto silica gel (1.5 g) and 
the solvent was removed in vacuo. This material was chromatographed on an ISCO 
CombiFlash Chromatography System to yield 4-chloro-2-(3-chloromethyl-2- 
methysulfanyl-phenoxy)-benzonitrile as a clear oil (800 mg, 81%). 
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'H-NMR (300MHz, CDC1 3 ): 5 7,59 (1H, s), 7.45 (2H, m), 7.13 (2H, m), 6.59 (1H, d), 4.93 
(2H, s),2.48(3H,s). 

fe) — 4-Chloro- 2-f3-aminomethvl-2-methvsulfanvl-phenoxy)-benzonitrile fumarate 
s 7N Ammonia in methanol (30 mL, 2 1 0 mmol) was added to 4-chloro-2-(3-chloromethyl-2- 
methysulfanyl-phenoxy)-benzonitrile (240 mg, 0.8 mmol). After stirring for 17 h, TLC 
still showed some 4-chloro-2-(3-chloromethyl-2-methysulfanyl-phenoxy)-benzonitrile. 
The reaction mixture was concentrated to about 10 mL by evaporation in vacuo, 
concentrated ammonia (7 mL) was added and the mixture was heated with stirring at 60 °C 

10 for 1 7 h. Sodium carbonate solution (4 mL) and ethyl acetate (6 mL) were added and the 
organic layer was separated and dried with MgS0 4 . To this, was added fumaric acid (84 
mg, 0.64 mmol) in methanol (3 mL). immediately, the solvent was removed in vacuo and 
diethyl ether (40 mL) was added to the residue. After stirring for 1 7 h, 4-chlOro-2-(3- 
aminomethyl-2-methysulfanyl-phenoxy)-benzonitrile fumarate (134.7 mg, 53%) was 

is filtered off as a white solid. 

MS (APCI+) 305 [M+l] + .. 

1 H-NMR (300MHz, d 6 -DMSO): 8 7.95 (1H, d), 7.53 (2H, d), 7.34 (1H, dd), 7.25 (2H, t), 
6.68 (lH, d), 6.43 (2H, s), 4.15 (2H, s), 2.5 (6H, m), 2.35 (3H, s). 

20 . • . 

Example 5 7 

4-Chloro^2-f2-meth vlsulfanvl-3-methvlaminomethvl-phenoxv)-benzonitrile fumarate 

25 33% Methylamine in ethanol (6 mL, 48 mmol) was added to 4-chloro-2-(3-chloromethyl- 
2-methylsulfanyl-phenoxy)-benzonitrile (256 mg, 0:8 mmol). After stirring the solution 
for 1 7 h, the solvent was removed in vacuo. Sodium carbonate solution (4 mL) and ethyl 
acetate (6 mL) were added and the organic layer was separated and dried with MgS0 4 . To 
this, was added fumaric acid (74 mg, 0.64 mmol) in methanol (3 mL). Immediately, the 

30 solvent was removed in vacuo and diethyl ether (40 mL) was added to the crude material. 
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After stirring for 17 h, 4-cMoro-2-(2-me 

benzonitrile fumarate (253 mg, 0.58 1 mmol, 73%) was filtered off as a white solid. 

'h-NMR (300MHz, d-DMSO): 5 7.96 (1H, d), 7.51 (2H, d), 7.26 (2H, m), 6.99 (1H, s), 
5 6.52 (2H, s), 4.12 (2H, s), 2.45 (3H, s), 2.34 (3H, s). 

Example 58 

4-Chloro-2-(3-dimethvlaminomethvl-2-ethvlsulfanvl-phenoxv)«benzonitrile fumarate 

a) 3-Dimethylaminomethyl-2-ethylsulfanyl-phenol hydrobromide 

30% Hydrogen bromide in acetic acid (3.6 mL, 18.05 mmol) was added to 
(2-ethylsulfanyl-3-methoxybenzyl)-dimethylamine (800 mg, 3.55 mmol) and the reaction 
mixture was heated with stirring at 100 °C. After 17 h, the reaction was complete by 
is LC/MS analysis and was then allowed to cool to room temperature. Diethyl ether (100 mL) 
was added with stirring and after 20 min the orange diethyl ether solution was decanted 
off. This procedure was repeated until a tan solid precipitated. 3-Dimethylaminomethyl-2- 
ethylsulfanyl-phenol hydrobromide (770 mg, 1 00%) was filtered off as a tan solid. 

20 ! H-NMR (300MHz, CDC1 3 ): 8 10.16 (lH,s), 7.30 (1H, t) 7.03 (2H, m), 4.48 (2H, d), 2.80 
(2H m), 2.76 (6H, d) 1.05 (3H, t). 

b) 4-Chloro-2-(3-dimethylaminomethyl-2>ethvlsulfanvl-phenoxv)-benzonitrile fumarate 
4-Chloro-2-fluorobenzonitrile (0.567 g, 3.6 mmol), 3-dimethylaminomethyl-2- 

25 ethylsulfanyl-phenol hydrobromide (0.77 g, 2.6 mmol) and cesium carbonate (1 . 1 9 g, 3.6 
mmol) were heated with stirring in dry DMF (4 mL) at 50 °C for 17 h. More cesium 
carbonate (1.19 g, 3.6 mmol) was added. After 1 h, the reaction was complete by LC/MS 
analysis. The reaction mixture was cooled, poured into water and extracted with ethyl 
acetate. The ethyl acetate layer was separated, washed with water (lx), 1 0% sodium 

30 carbonate solution (2x), water (2x), brine ( 1 x), and dried over MgS0 4 . After filtration, the 
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solvent was removed in vacuo to yield 4-chloro-2-(3-dimethylaminomethyl-2- 

ethyIsuIfany]-phenoxy)-benzonitrile (662 mg, 52%) as a clear oil. Fumaric acid (30 mg, 

0.26 mmol) in methanol (5 mL) was added to 4-chloro-2-(3-dimethylaminomethyl-2- 

ethylsulfanyl-phenoxy)-benzonitrile (91 mg, 0.26 mmol). The solvent was removed in 

s vacuo and diethyl ether (20 mL) was added with stirring. After 17 h, 4-chloro-2-(3- 

dimethylaminomethyl-2-ethylsulfanyl-phenoxy)-benzonitrile fumarate (41.4 mg, 34%) wa 
filtered off as a white solid. 

MS (APCI+) 348 [M+l] + . 
.o 1 H-NMR (300MHz, dVDMSO): 5 7.94 (1H, d), 7.50 (2H, m), 7.23 (2H, dd), 6.61 (1H, s), 
6.61 (2H, s), 3.71 (2H, s), 2.79 (3H, q), 2.22 (6H, s), 1 .07 (3H, t). 

Example 59 

15 4-Chloro-2-(3-aminome thvl-2-ethvlsulfanvl-phenoxvVben7.onitrile fumarate 

a) 4-Chloro-2-i3-chl oromethvl-2-ethvlsulfanvl-phenoxvVbenzonitri1e 

Under a nitrogen atmosphere, 4-chloro-2-(3-dimethylaminomethyl-2-ethylsulfanyl - 

phenoxy)-benzonitrile (570 mg, 1 .64 mmol) was dissolved in anhydrous toluene ( 1 0 mL). 

20 The solution was cooled to 0 °C and ethyl chloroformate (480 uL, 5 mmol) was slowly 
added. The reaction mixture was stirred for 17 h, allowing it to reach room temperature. 
Water (5 mL) and diethyl ether (5 mL) were added and the organic layer was separated and 
dried with MgS0 4 . After filtration, the solvent was removed in vacuo to yield crude 
material (340 mg) that was then dissolved in ethyl acetate and absorbed in vacuo onto 

25 silica gel (1.5 g). This material was chromatographed on an ISCO CombiFIash 

Chromatography System to yield 4-chloro-2-(3-chloromethyl-2-ethylsulfanyl-phenoxy)- 
benzonitrile as a clear oil (240 mg, 43%). 

'H-NMR (300MHz, CDC1 3 ): 5 7.58 (1H, d), 7.45 (2H, m), 7.1 1 (2H, m), 6.57 (1H, d), 4.94 
30 (2H, s) 2.96 (2H,q), 1.22 (3H,t) 
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b) 4-Chloro-2-(3-aminomethyl-2-ethvlsulfanvl-phenoxvVbenzonitrile fiimarate 
7N Ammonia in methanol (12 mL, 84 mmol) was added to 4-cWoro-2-(3-chloromethyl-2- 
ethylsulfanyl-phenoxy)-benzonitrile (80 mg, 0.24 mmol). After stirring for 1 7 h, the 
s solvent was removed in vacuo. Sodium carbonate solution (4 mL) and ethyl acetate (6 
mL) were added and the organic layer was separated and dried with MgS0 4 . To this, was 
added fumaric acid (22 mg, 0.19 mmol) in methanol (3 mL). Immediately, the solvent was 
removed in vacuo and diethyl ether (40 mL) was added to the crude material. After 
stirring for 17 h, 4-chloro-2-(3-aminomethyl-2-ethylsulfanyl-phenoxy)-benzonitrile 
io fiimarate (54.6 mg, 0. 1 26 mmol, 53%) was filtered off as a white solid. 

MS (APCI+) 320 [M+l] + . 

! H-NMR (300MHz, d 6 -DMSO): 5 7.94 (1H, d), 7.49 (2H, m), 7.32 (1H, m), 7.21 (1H, dd), 
6.60 (1H, m), 6.37 (1H, s), 4.01 (2H, s), 2.78 (2H, m), 1.06 (3H, t). 

15 

Example 60 

4-Chloro-2-(2-ethvsulfanvl-3-methv1aminomethvl-phenoxv)-benzonitrile fiimarate 

20 2M Methylamine in methanol (14 mL, 28 mmol) was added to 4-chloro-2-(3- 

chloromethyl-2-ethylsulfanyl-phenoxy)-benzonitrile (160 mg, 0.47 mmol). After stirring 
the solution for 1 7 h, the solvent was removed in vacuo. Sodium carbonate solution (4 
mL) and ethyl acetate (6 mL) were added and the organic layer was separated and dried 
with MgSCV To this, was added fumaric acid (44 mg, 37.6 mmol) in methanol (3 mL). 

25 The solvent was immediately removed in vacuo and diethyl ether (40 mL) was added to 
the crude material. After stirring 1 7 h, 4-chloro-2-(2-ethylsulfanyl-3-methylaminomethyl- 
phenoxy)-benzonitrile fiimarate (66.3 mg, 0. 148 mmol, 3 1 %) was filtered off as a white 
solid. 

30 MS (APCI+) 334 [M+ 1 ] + . 
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'h-NMR (300MHz, d^DMSO): S 8.52 (1H, d), 7.95 (1H, d), 7.88 (1H, s), 7.5 (1H, m), 
7.32 (1H, dd), 6.61 (1H d), 6.45 (2H, s), 3.99 (3H, s), 2.78 (2H, m), 2.36 (3H, s), 1.08 (3H, 
m). 

5 

Screens 

The pharmacological activity of compounds according to the invention was tested in the 
10 following screens. 

Screen 1 

The activity of compounds of formula (I), or a pharmaceutical^ acceptable salt, may be 
is screened for nitric oxide synthase inhibiting activity by a procedure based on that of 
Forstermann et aL 9 Eur. J. Pharm., 1992, 225, 161-165. Nitric oxide synthase converts 
3 H-L-arginine into 3 H-L-citrulline which can be separated by cation exchange chromatography 
and quantified by liquid scintillation counting. 

20 Enzyme is prepared, after induction, from the cultured murine macrophage cell line J774A- 1 
(obtained from the laboratories of the Imperial Cancer Research Fund). J774A-1 cells are 
cultured in Dulbeccos Modified Eagles Medium (DMEM) supplemented with 1 0% foetal 
bovine serum, 4 mM L-glutamine and antibiotics (100 units/ml penicillin G, 1 00 mg/ml 
streptomycin & 0.25 mg/ml amphotericin B). Cells are routinely grown in 225 cm 3 flasks 

25 containing 35 ml medium kept at 37 °C and in a humidified atmosphere containing 5% CG>2. 

Nitric oxide synthase is produced by cells in response to interferon-g (IFNg) and 
lipopolysaccharide (LPS). The medium from confluent culture flasks is removed and replaced 
with 25 ml (per flask) of fresh medium containing 1 mg/ml LPS and 10 units/ml EFNg. After 
30 a period of 1 7-20 hours in culture, harvesting of cells is accomplished by scraping the cell 
sheet from the flask surface into the culture medium. Cells are collected by centrifugation 
(1000 g for 10 minutes) and lysate prepared by adding to the cell pellet a solution containing 
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50 mM Tris-HCl (pH 7.5 at 20 °C), 10% (v/v) glycerol, 0.1% (v/v) Triton-X-100, 0.1 mM. 
dithiothreitol and a cocktail of protease inhibitors comprising leupeptin (2 mg/ml), soyabean 
trypsin inhibitor (10 mg/ml), aprotinin (5 mg/ml) and phenylmethylsulphonyl fluoride (50 
mg/ml). 

5 

For the assay, 25 pi of substrate cocktail (50 mM Tris-HCl (pH 7.5 at 20 °C), 400 yxM 
NADPH, 20 jaM flavin adenine dinucleotide, 20 flavin mononucleotide, 4 fiM 
tetrahydrobiopterin, 12 jjM L-arginine and 0.025 mCi L-[ 3 H] arginine) is added to wells of a 
96 well filter plate (0.45^M pore size) containing 25 jal of a solution of test compound in 50 
io mM Tris-HCl. The reaction is started by adding 50 jal of cell lysate (prepared as above) and 
after incubation for 1 hour at room temperature is terminated by addition of 50 \xl of an 
aqueous solution of 3 mM nitroarginine and 21 mM EDTA. 

Labelled L-citrulline is separated from labelled L-arginine using Dowex AG-50W. 150 jlxI of a 
is 25% aqueous slurry of Dowex SOW (Na + form) is added to the assay after which the whole is 
filtered into 96 well plates. 75 j^l of filtrate is sampled and added to wells of 96 well plates 
containing solid scintillant. After allowing the samples to dry the L-citrulline is quantified by 
scintillation counting. 

In a typical experiment basal activity is 300 dpm per 75 jal sample which is increased to 1900 
dpm in the reagent controls. Compound activity is expressed as IC50 (the concentration of 
drug substance which gives 50% enzyme inhibition in the assay) and aminoguanidine, which 
gives an IC50 (50% inhibitory concentration) of 10 ^iM, is tested as a standard to verify the 
procedure. Compounds are tested at a range of concentrations and from the inhibitions 
obtained IC50 values are calculated. Compounds that inhibit the enzyme by at least 25% at 
100 \iM are classed as being active and are subjected to at least one retest. 

Screen 2 

30 Recombinant human NO synthases (iNOS, eNOS & nNOS) were expressed in E. coli and 
lysates were prepared in Hepes buffer (pH 7.4) containing co-factors (FAD, FMN, H 4 B), 
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protease inhibitors, lysozyme and the detergent, CHAPS. These preparations were used, at 
suitable dilution, to assess inhibition of the various isoforms. Inhibition of NOS was 
determined by measuring the formation of L-[ 3 H]citrulline from L-[ 3 H]arginine using an 
adaptation of the method of Forstermann et al. Enzyme assays were performed in the 
s presence of 3 uM [ 3 H]arginine, 1 mM NADPH and other co-factors required to support 
NOS activity (FAD, FMN, H4B, calmodulin, Ca 2+ ). Since various NOS inhibitors have 
been reported to exhibit slow binding kinetics, or to inactivate the enzyme in a time 
dependent manner, enzyme and inhibitor were pre-incubated for 60 min in the presence of 
NADPH before addition of arginine to initiate the reaction. Incubations continued for a 
10 further 60 min before the assays were quenched and [ 3 H]citrulline separated from 
unreacted substrate by chromatography on Dowex-50W resin in a 96-well format. 

In the above screen, the compounds of Examples 1 to 60 were tested and gave IQ 0 values of 
less than 10 fiM against the iNOS and nNOS enzymes, and showed good selectivity with 
1 s respect to the inhibition of eNOS, indicating that they are expected to show useful therapeutic 
activity. Specimen results are shown in the following Table: 



Compound 


IC 50 (uM) 


nNOS 


eNOS 


iNOS 


Example 10 


0.0048 


0.34 


0.0029 


Example 24 


0.039 


5.4 


0.16 


Example 25 


0.20 


44 


0.09 



20 Screen 3 

Compounds also show activity against the human form of induced nitric oxide synthase 
can be demonstrated in the following assay. 
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The human colorectal carcinoma cell line, DLD-1 (obtained from the European Collection 
of Animal Cell Culture - cell line number 90102540) was routinely grown in RPMI 1640 
supplemented with 1 0%(v/v> foetal bovine serum, and 2mM L-glutamine, at 37 °C in 
5% C0 2 . 

5 

Nitric oxide synthase was induced in cells by addition of medium containing human 

recombinant gamma-IFN (1000 units/ml), TNF-alpha (200 U/ml), IL-6 (200 U/ml) and 

> 

IL-l-beta (250 U/ml). After incubation for 18 hours at 37 °C, the medium was removed 
and the cells washed with warm phosphate buffered saline. Cells were incubated for a 
io . further 5 hours at 37 °C / 5% C0 2 in RPMI 1640 containing IOOjiM L-arginine and 1 OOjiM 
verapamil-HCl in the presence and absence of test compounds. 

Nitrite accumulation was determined by mixing an equal volume of culture media with 
Gri ess reagent (10 mg/ml sulphanilamide, 1 mg A^(l-naphthyl)ethylenediamine in 1 ml 
is - 2.5% (v/v) phosphoric acid). Inhibition in the presence of compounds was calculated 

relative to the nitrite levels produced by untreated cells. IC50 values were estimated from a 
semi-log plot of % inhibition versus concentration of compound. 
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(I) 



wherein: 

10 A represents a phenyl ring or A represents a C8 to 10 aromatic or partially aromatic 
bicyclic ring system; 

R 1 represents CI to 6 alkyl, CI to 6 alkoxy, halogen, hydroxy, cyano, trifluoromethyl or 
NR 6 R 7 ; 

15 

R 3 represents hydrogen, CI to 6 alkyl, C2 to 6 alkenyl, C3 to 6 cycloalkyl, CI to 6 
alkylthio, CI to 6 alkoxy, halogen, hydroxy, cyano, trifluoromethyl or NR 8 R 9 ; said alkoxy 
group being optionally further substituted by hydroxy or by one or more fluorine atoms. 

3 

20 or R represents phenyl or a five or six membered aromatic heterocyclic ring containing 1 
to 3 heteroatoms independently selected from O, S and N; said phenyl or aromatic 
heterocyclic ring being optionally substituted by one or more substituents selected 
independently from halogen, C 1 to 4 alkyl, C I to 4 alkoxy, hydroxy, cyano or NR 8 R 9 ; said 
alkyl or alkoxy group being optionally further substituted by one or more fluorine atoms; 

25 
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CLAIMS: 



1 . A compound of formula (I) 




NR 4 R 5 
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4 5 

R and R independently represent hydrogen or CI to 6 alkyl; said alkyl group being 

optionally substituted by OH, CI to 6 alkoxy, NR l °R ! 1 or phenyl; said phenyl group being 
optionally further substituted by CI to 6 alkyl, CI to 6 alkoxy, halogen, hydroxy, cyano or 
Nr'V 3 ; 



R,R,R,R,R ,R ,R and R independently represent hydrogen or CI to 6 alkyl; 
said alkyl group being optionally substituted by OH or CI to 6 alkoxy; 

or the groups NR 4 R 5 , NR^R 7 and NR 8 R 9 independently represent a 4 to 7 membered 

io saturated azacyclic ring optionally incorporating one further heteroatom selected from O or 
N; said ring being optionally substituted by OH, CI to 3 hydroxyalkyl or CI to 3 alkoxy; 

V represents cyano or nitro; 

15 X represents O or S(0) n ; 

n represents an integer 0, 1 or 2; 



Y represents C 1 to 6 alkyl; 



20 



Either one of T, U and W represents N and the other two independently represent CR ; or 

2 2 

each of T, U and W represents CR ; and each R group independently represents hydrogen, 
CI to 3 alkyl, CI to 3 alkoxy or halogen; 



25 or a pharmaceutical^ acceptable salt thereof; 

with the proviso that when A represents phenyl, V represents nitro, Y represents CH 2 , X 

2 4 5 

represents S, each of T, U and W represents CR and the group Y-NR R is bonded to the 

4 5 

phenyl ring ortho to X, then R and R do not both represent CH 3 . 
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2. A compound of formula (I), according to Claim 1 , wherein A represents phenyl. 

3. A compound of formula (I), according to Claim 1 or Claim 2, wherein Y represents 
s CH 2 . 

4. A compound of formula (I), according to any one of Claims 1 to 3, wherein R 4 and R 
independently represent hydrogen or methyl. 

io 5. A compound of formula (I), according to Claim 1, which is: 

3-(5- methoxy-2-nitrophenoxy)benzenemethanamine; 

3-(5-methyl-2-nitrophenoxy)benzenemethanamine; 

3-(5-chloro-2-nitrophenoxy)benzenemethanamine; 

3-(5-fluoro-2-nitrophenoxy)benzenemethanamine; 
is 3 -(5 -m ethyl amino-2 -ni trophenoxy)benzenemethanamine; 

3- (5-methyl-2-nitrophenylthio) benzenemethanamine; 
2-[3-(aminomethyl)phenoxy]-4-chlorobehzonitrile; 

4- chloro-2-[3-hydroxy-5-[(methylamino)methyl]phenoxy]benzonitrile; 
4-cWoro-2-[3-methoxy-5-[(methylamino)methyl]phenoxy]benzonitrile; 

20 4-chloro-2-(3-methylaminomethyl-phenoxy)-benzonitrile; 

4-chloro-2-(4-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile; 

4-chloro-2-(2-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile; 

4-chloro-2-(2-methoxy-4-methylaminomethyl-phenoxy)-benzonitrile; 

4-chloro-2-(3-methoxy-4-methylaminomethyl-phenoxy)-benzonitrile; 
25 2-(4-bromo-3-methylaminomethyl-phenoxy)-4-trifluoromethyl-benzonitrile; 

2-(2-methylaminomethyl-biphenyl-4-yloxy)-4-trifluoromethyl-benzonitrile; 

4-chloro-2-[2-hydroxy-3-(methylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-[2-ethoxy-3-(methylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-[2-(2-fluoroethoxy)-3-(methylaminomethyl)phenoxy]benzonitrile; 
30 4-chloro-2-[3-methylaminome^ 

4-chloro-2-(3-methylaminomethyl-2-propoxyphenoxy)benzonitrile; 
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4-chIorO'2-[2-(2-hydroxyethoxy)-3-(methylaminomethyl)phenoxy 

4-chloro-2-[2-ethoxy^-(methylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-[4-(methylaminomethyl)naphthalen- 1 -yloxy]benzonitrile; 

4-chloro-2-[3-(dimethylaminomethyl)phenoxy]benzonitrile; 
5 4-chloro-2-{3-[(2-(hydroxyethyl)amino)methyl]phenoxy}benzonitrile; 

4-chloro-2-{3-[(2-methoxyethylamino)rnethyl]phenoxy}benzonitrile; 

4-chIoro-2-[3-(propylaminomethyl)phenoxy]benzonitrile; 

4-chloro-2-{3-[(2-dimethylaminoethylamino)methyl]phenoxy}ben2onitrile; 

4-chloro-2-{3-[(3-hydroxypropylamino)methyl]phenoxy}benzonitrile; 
io 4-chloro-2-[3-(pyrrolidin-l-ylmethyl)phenoxy]benzonitrile; 

4-chloro-5-fluoro-2-(2-methoxy-3-methylaminomethylphenoxy)benzoiiitrile; 

4-bromo-2-(2-methoxy-3-methylaminomelJiyI-phenoxy)-benzonitrile; 

2-(2-methoxy-3-methylaminomethyl-phen^^^ 

4-methoxy-2-(2-methoxy-3-methylaminomethyl-phenoxy)-benzonitrile; 
is 3-fluoro-2-(2-methoxy-3-(methylaminomet^^ 

2-(2-methoxy-3-methylairdnomethyl-phenoxy)-6-methyl-nicotin^ 

6-ethyl-2-(2-methoxy-3-methylaminomethyl-phenoxy)-nicotinonitril^ . 

4-methyl-2-(3-methylaminomethyl-phenoxy)-benzonitrile; 

6-methyl-2-(3-methylaminomethy!-phenoxy)-iiicotinonitrile; 
20 4-chloro-2-(5-methylamino-5,6,7,8-tetrahydronaphthalen- 1 -yloxy)-benzonitrile; 

4-chloro-2-( 1 -methylaminoindan-4-yloxy)benzonitrile; 

[2-methoxy-3-(5-methyl-2-nitrophenoxy)benzyl]methy]amine; 

4-chloro-2-(3-dimethylaminomethyl-2-ethylphenoxy)benzonitrile; 

2-(3-aminomethyl-2-ethyl-phenoxy)-4-chloro-benzonitrile; 
25 4-chloro-2-(2-ethyl-3-methylaminomethyl-phenoxy)-benzonitrile; 

4-chloro-2-(3-dimethylaminomethyl-2-propylphenoxy)-benzonitrile; 

2~(3-aminomethyl-2-propyl-phenoxy)-4-chloro-benzonitrile; 

4-chloro-2-(3-methylaminornethyI-2-propyl-phenoxy)-benzonitrile; 

2-(2-allyl-4-methylajriinomethyl-phenoxy)-4-chlorobenzonitrile; 
30 4-chloro-2~(3-dimethylaminomethyl-4-fluorophenoxy)benzonitrile; 

4-chJoro-2-(4-fluoro-3-methylaminomethyl-phenoxy)-benzonitrile; 

2-(2-methoxy-3-methylaminomethyl-phen^ 
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2-(4-methylaminomethylO-phenyl-phenoxy)^^ 
4-chloro-2-(3-dimethylaminomethyl-2-m 

4-chloro-2-(3-aminomethy]-2-methysulfanyl-phenoxy)-ben2onitrile; 
4-chloro-2-(2-methylsulfanyl-3Hiiethylamin^ 
5 4-chloro-2-(3-dimethylaminomethyl-2-ethylsulf^ 

4-chloro-2-(3-aminomethyl-2-ethylsulfanyl-phenoxy)-benzonitrile; 

4-chloro-2-(2-ethysulfanyI-3-^ 

or a pharmaceutically acceptable salt thereof 

10 6. A compound of formula (I), according to any one of Claims 1 to 5, or a 
pharmaceutically acceptable salt thereof, for use as a medicament. 

7. A pharmaceutical composition comprising a compound of formula (I) according to any 
one of Claims 1 to 5, or a pharmaceutically acceptable salt thereof, in admixture with a 

15 pharmaceutically acceptable adjuvant, diluent or carrier. 

8. The use of a compound of formula (I) according to any one of Claims 1 to 5, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the 
treatment or prophylaxis of human diseases or conditions in which inhibition of nitric oxide 

20 synthase activity is beneficial. 

9. The use of a compound of formula (I) as defined in any one of Claims 1 to 5, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of inflammatory diseases. 

25 

10. The use of a compound of formula (I) as defined in any one of Claims 1 to 5, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of CNS diseases. 

30 11. The use as claimed in Claim 9 wherein the disease is rheumatoid arthritis or 
osteoarthritis. • 
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12. The use of a compound of formula (I) as defined in any one of Claims 1 to 5, or a 
pharmaceutically acceptable salt thereof, in the manufacture of a medicament, for the 
treatment or prophylaxis of pain. 

5 13. The use as claimed in Claim 10 wherein the disease is migraine. 

14. A method of treating, or reducing the risk of, human diseases or conditions in which 
inhibition of nitric oxide synthase activity is beneficial which comprises administering a 
therapeutically effective amount of a compound of formula (I), as defined in any one of 

io Claims 1 to 5, or a pharmaceutically acceptable salt thereof, to a person suffering from, or at 
increased risk of, such diseases or conditions. 

15. A method of treating, or reducing the risk of, inflammatory disease in a person suffering 
from, or at risk of, said disease, wherein the method comprises administering to the person a 

is therapeutically effective amount of a compound of formula (I), as defined in any one of 
Claims 1 to 5, or a phaimaceutically acceptable salt thereof. 

1 6. A method of treating, or reducing the risk of, CNS disease in a person suffering from, or 
at risk of, said disease, wherein the method comprises administering to the person a 

20 therapeutically effective amount of a compound of formula (I), as defined in any one of 
Claims 1 to 5, or a pharmaceutically acceptable salt thereof. 

1 7. The method of treatment as claimed in Claim 1 6 wherein the disease is migraine. 

25 1 8. A method of treating, or reducing the risk of, pain in a person suffering from, or at risk 
of, said condition, wherein the method comprises administering to the person a therapeutically 
effective amount of a compound of formula (I), as defined in any one of Claims 1 to 5, or a 
pharmaceutically acceptable salt thereof. 
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19. A process for the preparation of a compound of formula (I), as defined in any one of . 
Claims I to 5, or a pharmaceutical^ acceptable salt, enantiomer or racemate thereof, 
wherein the process comprises: 
(a) reaction of a compound of formula (II) 

5 



R 1 




wherein A, R , R , T, U, V, W, X and Y are as defined in Claim 1 and L is a leaving 
group, 

10 with a compound of formula (HI) 

HNR 4 R 5 (HI) 

4 5 

wherein R and R are as defined in Claim 1 ; or 
15 (b) reductive amination of a compound of formula (IV) 



R 1 




wherein A, R , R , T, U, V, W and X are as defined in Claim 1 and Y -CH 2 represents Y 
20 as defined in Claim 1 , 
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with a compound of formula (III) 



HNR 4 R 5 



(III) 



wherein R and R are as defined in Claim 1 ; or 



5 



(c) reaction of a compound of formula (V) 




L2 



(V) 



2 



wherein R , T, U, V and W are as defined in Claim 1 and L is a leaving group, 
10 with a compound of formula (VI) 




wherein A, R , R , R and Y are as defined in Claim 1 and X is O or S; or 

15 

(d) reaction of a compound of formula (VII) 
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T ^ W 
II 

U, 




XH 



V 



(VII) 



wherein R , T, U, V and W are as defined in Claim 1 and X represents O or S, 
with a compound of formula (VIII) 




(VIII) 



NR 4 R 5 



3 4 5 3 
wherein A, R , R , R and Y are as defined in Claim 1 arid L is a leaving group; or 



10 (e) preparing a compound of formula (I) wherein R 4 and R 5 each represent hydrogen, by 



reduction of a compound of formula (DC) 




(IX) 



CN 



1 3 ? 
is wherein A, R , R , T, U, V, W and X are as defined in Claim 1 and the group (- Y -CH 2 -) 

represents Y as defined in formula (I); 
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and where desired or necessary converting the resultant compound of formula (I), or another 
salt thereof, into a pharmaceutically acceptable salt thereof; or converting one compound of 
formula (I) into another compound of formula (I); and where desired converting the resultant 
5 compound of formula (I) into an optical isomer thereof. 
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